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VOLUME INDEX

MODULAR MULTIPURPOSE SPACE STATION STUDY

The complete study, consisting of six
sections, an appendix, and a condensed
summary, is contained in the following

‘seven volumes.

o INTRODUCTTION

TECHNICAL SUMMARY

MODULAR SPACE STATTION DESIGN

3.1 Modular Configurations

3.2 Radiation Shielding
e 3.3 Structural Design

_ 3.4 Weight Analysis

3.5 Subsystems
e 3.6  Subsystem Integration
) o 3.7 Special Subsystem Studies
© L. PRELIMINARY SPECIFICATIONS

5. MULTTPURPOSE SPACE STATION APPLICATIONS

@ - 6.  DEVELOPMENT PLAN
© Appendix - EXPERIMENTAL APPLICATION SUMMARY
e CONDENSED SUMMARY

& LOCKHEED

CALIFORMNIA COMPANY




Page intentionally left blank



IR 18906

i

 CONTERTS

\
Section Page
5 - MULTIPURPOSE SPACE STATION APPLICATIONS
5.1  AES PRICRITY I EXPERIMENTS A
5.2 = SUPPLEMENTARY APPLICATIONS 26
5.3 EXPERIMENT AND APPLICATIONS PROGRAMMING Ll
5.4  INTERIOR ARRANGEMENT PHILOSOPHY -
. INTERIOR SPACE STATION : 52
5.4.1 Crew Distribution and Scheduling 52
5.4.2  Work Area Configuration ‘ 53
5.4.3  Experiment Allocation , 56
5.4k Interior Arrangements 56
5.5 SPACE STATION/APPLICATIONS INTERFACE 87
5.5.1 Application Requirements 87
5.5.2 Mission Capabilities ) 89
6 DEVELOPMENT PLAN
6.1  DEVEIOPMENT SCHEDULES 96
6.1.1 One-Compartment Dependent Iaboratory 96
6.1.2 Two-Compartment Independent Iaeboratory 101
6.1.3 Interim Modular Multipurpose Space
Station 104
6.1.4  Operational Modular Multipurpose
Space Station 107
- 6.2 - COST ANALYSIS ) e : : 111
~ 6.2.1 Cost Data Sources 112
6.2.2 Subsystem Definition 112
6.2.3 DI&E and Manufacturing Costs 113
6.2.4  Operational Costs 114
6.2.5 Program Management 122
6.2.6 Cost Analysis Summary , 123
6.2.7 Station Cost Comparisons ‘ 123
6.2.8 Under-estimating Factors : 128
v

[OCKHEED

CALIFORNIA COMEANY




Page intentionally left blank



IR 18906
FIGURES
Page
5-1 Development Cycle Experiment 1402 Cabin Atmosphere
Control for LSS ' in
5-2 Development Schedule Experiment 1402-Cabin
' Atmosphere Control for LSS 5
5~3 AES Experimental Equipment Weight Requirements
5-4 AES Experiment Stowved Volume Reqguirements 9
5-5 - Manhour Reguirements of 15 AES Flights Compared to
~ Potential Experimental Manhours Available with Apocllo
Vehicle and Crew 10
5-6 AES Experimental Manhours Required 11
5-7 AES Experiment Requirements for Electrical Energy 1z
5-8 Experimental Equipment Weight Requirements of 15 AES
Flights Compared to Experimental Payload Capability
of Selected Modular Approach Configurations 13
5-9 Tabular Volume of Experimental Equipment for 15 AES
Flights Compared to Volumes Available in Various
Spacecraft Configurations 15
' 5-10 Estimate of Manhours Required to Perform the 85
Priority I AES Experiments 16
5-11 One~Compartmenf Dependent ILaboratory with AES )
_ Experimental Equipment for Flights 218 and 219 19
5-12 One-Compartment Independent ILaboratory with AES A
Experimental Equipment for Flights 523, 229, and 230 23
5-13 Sample Experiment and Application Summary Form 29
5-14 Distribution of Experiment Weights 38
5-15  Cumulative Distribution of Weight for Experimental
Equipment 38
5-16 . . Distribution of Experiment Volume Requirements . . e . 39 -
5-17 Cumulative Distribution of Volume Requirements for
Experimental Eguipment 39
,,51;8, ~__Distribution of Electrical Power Requirements for o
Experimental Equipment Lo
5-19 Cumulative Distribution of Electrical Power Requirements
: for Experimental Equipment 4o
5-20 Distribution of Experiment Man-Hour Requirements Ly
vii

LOCKHEED

CALIFGRNIA COMBANY




IR 18906

FIGURE (Cont.)

Page
5-21 Cumulative Distribution of Experiment Man-Hour
: Requirements 4y

5-22 Development of Events Sequences . ' R
5-23 Applications Scheduling First Logistic Cycle Lo
5-24 Nine-Man Crew Schedule 54
5-25 Work Area Configuration with an Amnular Aisle » 55
5-26 Work Area Configuration with an "H" Aisle 55
5-27 Utilization of Volume in Individual Compartments 58,
5-28 Interior Arrangement - Physics ILaboratory 75
5-29 Interior Arrangement - Bilomedical ILaboratory ' 7
5-30 - Biomedical Iaboratory - Perspective View 80
5-31 Interior Arrangement - Observatory . 83
5-32 Interior Arrangement - Control Compartment ' 85
5-33 Experimental Man-Hour Availability as a Function of

Station Crew Size 93
6-1 ‘Summary Development Schedule for the Modular

Multipurpose Space Station ' 97
6-2 One-Compartment Dependent ILaboratory Development

Schedule 7 - - i 98
6-3 Two-Compartment Independent ILaboratory Development

Schedule : 102 -
6-4 Interim Modular Multipurpose Space Station

Development Schedule 105
6-5 - Operational Modular Multipurpose Space Station

Development Schedule 108

_ 6-6 Projected Fiscal Funding : , .. 12k
6-7 Possible Variation in Program Cost A 128
LOCKHEED viii

PA COMBANY




IR 18906
TABLES
Page
5-1 Experiment Flight Assignment Summary - March 19, 1965
MSC Space Station Study Office 6
5-2 Summary Weight and Volume Data on AES Priority T
Experiments 18
5-3 Space Station Applications Summary , 28
5-4 Biomedical Expériments Using Calsul Egquipment 30
5-5 Experiments Using X-ray Egqulpment 30
5-6 Experiments Using Human Centrifuge ' 30
5-7 Experiments Using Mapping Camera and Associated
Equipment 31
5-8 Experiments Using Infrared Receiver and Associlated
Equipment ‘ 32
5-9 Sequential Interdependence of Experiments ' 33
5-10 Experiments Performed with the General Physical
Examination : 35
5-11 Number of Experiments Requiring Special Orbits or
Gravity Conditions 36
5-12 Experiment Characteristics Summary 43
5-13 Applications Scheduling - Data Print Out 46
5-14 Application Scheduling - Summary Print Out L7
5-15 Capability of Space Station Configurations 50
5-16 Sumnary of Experiment Allocation to Individual
Compartments 56
5-17 Experiments Selected for Compartment I, Subsystems
Compartment ; 59
5-18 Experiments Selected for Compartment 2, Observatory €0
- 5-19 - Experiments Selected for Compartment 3, Physical C
Sciences lLaboratory 63
5-20 Experiments Selected for Compartment 4, Biomedical
Laboratory 67
5~21 Experiments Selected for Compartment 5, Control
Compartment T2
5-22 Experiments Selected for Compartment 6, Crew Quarters o 73
5-23 Iaboratory/Space Station Mission Capebilities 90
ix

LOCKHEEDR
CALIFORNIA COMPArj:—

\<§§§%- i}»




6-1

6-2

LOCKHEED

CALIFOHRINIA COMPANY

,\r}

TABLES (Cont.)

One-Compartment Dependent ILaboratory - Cost
Breakdown

Two-Compartment Independent Iaboratory - Cost
Bregkdown

Interim Space Station - Cost Breakdown

Operational Modular Multipurpose Space Station -

Cost Breakdown

Facilities Costs

Operations Cost Summary

Modular Multipurpose Space Station Cost Summary
Medium and large Space Station Cost Breakdown

Program Cost Trends - Independent Development vs
Modular Concept

IR 1890

-
O

Page

115

116
117

118
120
122
125
126

127




IR 18906
Section 5

Section 5

MULTIPURPOSE SPACE STATION APPLICATIONS

Experiment and application requirements and the capability of the

Modular Multipurpose Space Station configurations to meet these require-

ments are discussed in Sections 5.1 through 5.5.

Experiments specifically selected for the Apollo Extension System (AES)
flights are analyzed in Section 5.1. Two interior layouts are presented
showing the placement of AES experimental equipment in a single modular
compartment; one layout combines the experimental equipment of flights

218 and 219; and the second, flights 523, 229 and 230,

A total of 405 earth-orbiting space station applications were described
and assessed as to the requirements imposed upon the candidate labora-
tories and space stations. These requirements are summarized by indivi-

dual application in Section 5.2.

Scheduling of the experiments and applications requires a computer solu-
tion to achieve desirable efficiencies of utilization of manpower and
electrical energy. A computer program to accomplish this scheduling is
described in Section 5.3. Typical application performance schedules are

given for the Multipurpose'Space Station configurations.

Allocation of experiments to specific locations within the individual

compértments of the Interim Modular Multipurpose Space Station is given

~in Section 5.4. Four interior layouts, one for each of the inner com-

partments, are shown; the living quarters compartment and the subsystems

compartment, which can become standard space station elements, are des-

“eribed in Section 3.1.

The interface between the experiments and the accommodating space station
is discussed in Section 5.5. Primary considerations for application/
space. station integration are mentioned; consideration of the subsystem

performance in support of these applications is also given.
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5.1 AES PRIORITY I EXPERIMENTS

The NASA has selected 8% experiments which are to have preference in
assignment to the anticipated Extended Apollo Earth-Orbit Flights.
Preliminary descriptions of these eiperimeﬁts vere supplied to Lock-
heed for the definition of the required development cycles necessary for
the development of the experiment equipment at a time consistent with
specified vehicles and flight schedules. This was a supplementary task

substituted for a part of the original study work statement.

The preferred, or Priority I, experiments are grouped in 16 major cate-
gories with the number of individual experiments in each category as

given below:

ggfegory Title ' Number of Experiments
1 Medicine ' : 21
2 Behavior 3
3 Creation of Artificial Gravity 2
L Living Organisms 6
5 Space Environment L
6 Liquid/Gas and Solids Behavior 8
T Astronomical Observations and Techniques 6
8 Remote Sensing of the Earﬁh‘s Atmosphere 5
9 .Remote Sensing of the Earth's Surface 3
10 Maneuverable Sub-satellites 1
11 ILaunch of an Unmanned Satellite 1
12. Electromagnetic Propagation 2

and Transmission _
13 Space Structures Technology -6
14 Subsystem Development and Test 7
15 Extra-vehicular Operations 77
©T 167 T Maneuvering and Docking T T - T3

Lo

The experiment development requirements task was approximately‘60 percent

complete when a redirection of study effort terminated this particular
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phase. Although this task was terminated before completion, one
conclusion was becoming apparent: development time for the experi-
mental equipment, with the required testing, integration and crew train-

ing, 1s even now becoming critical for a number of the experiments.

Selected to illustrate the experiment development requirements effort is
Experiment 1402, "Cabin Atmosphere Control for LSS"; Fig. 5-1 is the
experiment development cycle showing the necessary steps to be taken and

their interrelationship. Figure 5-2 depicts the phasing of the

development tasks necessary tc complete the experiment in time for the

suggested first flight date.

An "Experiment Flight Assignment Summary", prepared by NASA-MSC,
Table 5-1 was used as a basls for subsequent figures and tables in
this sectlion. Flight numbers in the 200 and 500 series represent

Saturn IB and Saturn V launches, respectively.

A study was performed to assess the ability of the modular space station
configurations to meet the requirements of the 85 AES Priority I experi-
ments. Four requirements of the AES experiments were examined:

(1) weight, (2) volume, (3) man-hours and (L) electrical energy. Where
other companies had different estimates of the experiment equipment,
manpover, and electrical energy necessary to meet the NASA-stated experi-
ment objectives, these differences are shown. The NASA schedule of

flights designates specific experiments to be performed on the individual
flights, and the aforementioned experiment requirements are also summarized

by flight number.

\ Flgure 5-3 shows the weight of exporlmantal eqUmeont required for the
' AES flights designated in Table 5-1. The line marked 'NASA' shows '

data given in NASA-Headquarters experiment descriptions dated March 15,

1965. Boelng,Grumann. and North American experlmental equlpment welght
estlmates (Ref 1, 2, and 3) for these fllghts are also shown. Dlrect
comparison is difficult since Grumman, for example, used a different

selection of experiments for flights 218, 219, 516, 523, 229 and 230.

LOCKHEED

CALIFORMIA COMPANY




TR 18906
Section 5

$ST 404 TOYINOD mmmxmmOE.SNZ_m,qU OVl INIWIRIZXT 31DAD FZmEmO”._m;mQ, =G *Old

£07l,
1071y
*HD3L 004 2 |
"OAH “S¥3d 1071y .. |
—Illl'l.w'; - i
avd % NOILY1ND¥D
— ALITYND ~— 153} ~— ~—  DISYg——o! -
, NOI53a RRCID G TUHISONLY
- SISATO¥10313
?%%w/w&wﬁ SISATVIAOYLOT1I
g HOYVISTY
A¥IAODTY
Aanis  SLEONOD 2
INIWIIdX3_ S1Sal T avin DISVE__ _
TYNOILYEIO ™ oiN| ~— WNO=— 1S3l =— 53 >.H.m@_mw_‘,n av1s3 -hmﬁ/ww
) | % TIVAZ e |
| | A , | “aV153
e SLWOTY
P 515V
HOYVISTY
SINVNIWYINOGD
= aysp  Adnis  TEERNOS T qouiNod
e A4V =— 153l ~— 2V % g ~— . - INVN] —
NDIS3q avis3 ,




IR 18904
Section

5

$S7 ¥O4 TOYLNOD FYIHISOWLY NIEVD-20yL INIWIRAIXT ITNAIHDS INIWIOTIAIA

IHO1TS
1St

4

m
|
|
u
|
_
|
w
|
|
_
!
|
w
w
_
|
m
l

"OIINIT "1ISAS

._.mm._.. ‘qvd 7mw; S3d >D3.m.m
._.mm._. UQNE >DD.~.m S3d
Awmw.i..% agfﬂégl
1531  DO¥d AQNLS SJ
L B ety
1S31 gv4  NOISId AdQNlLS
1S3L|TD0¥d S
15311 D00¥d S
%z T
1831 o<m NoOisad

1S3L AQNLS
wx..a Bt LT SR

._,mm.w md@ umm >03hm IU%«D& a3ditddv

IU%Qmmum aalnddv

|

«n )
e

o o B )

6961

g9sl

£961 9961 _ - G961

-G Ol
og%one
INIWJOTIAIA WILSAS @

SISATOYLD313 @

¥OL1OVIY ©
A¥IAO2TY €O

INIWJOTIAIA WILSAS @
IOVYOLS/HIISNYYL @
NOILVIVIIS INVIGWIW @

NOILYEINIONOD ¢0D

zo:é.@ﬁz@ WILSAS ©

WILSAS INJEEOSAY @

"WILSAS NOI1D313q ¢

IONVYIIOL @

TOIINOD
INVNIWVINOD

(S

SFORNIA COMBAN

o
[T
W
7o
¥

Q

QO

-




3

-£apTATE STIE ‘U 002 38 ATTBUTEOU ST UOTSSTIW STUL

s3pNGTATE TBUTHOU 343 XOTSQ PUB 2A0Q8 SUOTSINOXS 3I0Us J0I paptacad aq TTBRUS TonJ BIIXS

\O

SRBPLLREEERSERLS
PRI HERLEBELHEIEE Flight Ho.
o s o
O W ny 0w n
%)3 § § u\ﬂ; é L(u\g r\8;/ § Q %3) § ‘(uo" ] % g Mtitnde‘(n. miles)
0 n oot now
@ a)) ) «:%) 0o PP EYE o8 PP Inclination (deg.)
AV AR VI BER N, | NN U \-J‘ v
SESEEEETEERE R EY Y| Duration (days)
N 0100 Medical/
R T I I 0200 5’: Behavioral
= " 0301 z Artificial G by Rotating Station
< 0302 o On-Board Centrifuge
B = B okoy Genetic Effects in Microorganisms
- ] P > oko2 Effects of Space on Unicell Org & Animal Tissuel
> > » 0Lk03 Effects of Welghtlessness in the Primates
> =] ¢ olok Limb Regeneration & Wound Healing
> ] e 0okos Effects of Drugs on Mammalian Behavior ;
B 5 B okos Space Borne Microorganisms ;
P I R R I R S Y R B I 0501 Radiation Environment Monitoring !
54 b 0502 Study of Magnetic Field Lines '
> >4 0503 Analysis of Comet-like Particulate Clouds :
[ 0sob Micrometeorcoid Collection
> >¢ > 0601 Capillarity Studies
>4 e 06024 Kinetics & Dynamics of Vapor/Gas Bubbles
B ] 06028 Liquid Drop Dynamics Study
] 4 0603A Pool Boiling in Long Term Zero G Environment
e >4 - 0603B Nucleate Condensation of Fluids in Zero G
b B3 0604 Density Gradient of Fluid at Hear Critical St
] ] 0605 Crystallization Studies
e = 0606 Cosmic Ray Emission
= = 0701 Emission Line Radlometry
» > 0702 Intermediste Size Reflecting Telescope
£ = 0703 Manned Coronagraph
= o704 Nearby Solar-Like Stars in X-Rays
> . O705A Radlo Astronomy 1-5 MCPS Range
] ] 07058 Radio Astronomy 1-5 MCPS using "V" Antenna
> > = 0801 Conjugate Aurors and Airglow
> > 08024 Test of IR Scanning Spectrometer
> > 08028 Calibration & Eval. of Microwave Spectrometer
>4 > 08o2¢ Test of Prototype Star-Tracker
= b 0802D Operation of H-R IR Radiometer Det. Equip.
>4 N > 0501 Multispectral Target Characteristics
= e 5 0502 Synoptic Earth Mapping
>4 0603 Multifrequency Radar Imagery :
= 1001 Small Mansuverable Satellite .
] 1101 Launch of an Unmanned Satellite (0GOQ)
B 1201 Measurement of Radio Frequency Radiation i
> 1202 Wide Band Width Transmission in Space :
> 1301 Effects of Space Environment on Structures
>4 ¢ 1302 Deployment of RF Reflective Structures
B > e 1303 Extendable Rod Performance Tests
= B3 1304 Ops of Soler Sailing Pass. Comm. Satellite
> 1305 Deployment & Obs. of Gravity Gradient
> o] 1306 large Aperture Space Erectable Antenna
< T 3 1k01 Personal Hygiene & Food Technology
v ] 1ko2 Cabin Atmosphere for LSS
= 1k03 Fluid Management Technology for LSS
> kol Radloisotope-~-Thermoelectric Pover System,
Range and Orbit Determination
P ¥ 1405 Orbital Test of Large Solar Cell Array
1506 Optical Technology
e 107 On-Board Navigation & Guidance
> > 1501 Evaluation of Adv. Space Suit Assemblies
> M 1502 Development of Monned Locomotion & Maneuvering
4 >4 1503 Emergency Techniques, Egp & Proe for Rescue Ops
¢ ] 1504 Personnel & Cargo Traunstfer Operstions
> 1505 Maintenance & Repair Techniques
¢ 1506 Propellant Handling Techniques
a4 1507 Extravehicular Assembly Operations
’ = 1601 Orbital Maneuvering & Déckﬁmg (Phase I and II)
s 1602 Observation of Echo Sutellite
= 1603 Recapture of Syncom III
¢ UoTYIoaq

90681 Y1

,,.
AN
18

V JHOITL LNENTYH

o
ot

6T HOYVA - AJVAWAS SNENNDIS

4

T

d0T440 NOILVIS HlV.

¥




IR 18906
Section 5

- KEY:
£ 12,000 [— O NASA
o BOEING
? o
11,000 |- B0 GRUMMAN _
A NAA
10,000 ‘
o
< 9000 - SR &
= o) N
o -
O 8000 g
= Fa¥
Z 7000
Z — o | A
: L
5 - ]
5 6000
Led
.-_" N
< 5000 fg
Z
= ¥
= 4000 — O
L e
e i _
" 3000 — 3 %
2000 —-—i Z &
O & '
1000 b~
S SO T O T A I
O e N O I O O O ™ N O = ) OO
IR = IR S N S R 2 S S N I
| FLIGHT NUMBER

Figure 5=3  AES EXPERIMENTAL EQUIPMENT WEIGHT REQUIREMENTS

LOCKHEED 7

=




IR 18906
Section 5

Stowed volume requirements of the AES experiments by flight number are
shown in Fig. 5-4. The North American data appears to reflect the
pressurized volume requirements, whereas the NASA values include pres-

surized and unpressurized volume requirements.

2 ‘ Man-hours required to perform the AES experiments by flight number
| according to the NASA data are shown in Fig. 5-5. Potential crew
man-hours available for gxperimental activity are noted to be insuffi-
cient in view of these pfeliminary experiment requirements. Other

study contractors have apparently reduced the experiment performance

times to be.con@atible with experimental man-hours expected to be
available on these early AES flights as shown in Fig. 5-6. As a
result of Gemini flight experience, it is réasonable to antlcipate that
some degree of experiment automation will be needed to make the pro-

grammed experiments compatible with the crew time available.

Electrical energy required to perform the experiments becomes an
important consideration in the assessment of the total AES experiment
requirements because electrical energy represents weight in the case of

a fuel cell power system and electrical power level represents weight

where a'solar cell power system is employed. The electrical energy
-required to perform the AES experiments is shown in Fig. 5-7 along
with a reference line indicating the power expected to be available

from the Apollo Service Module for experimental purposes.

Comparison of the payload capability of two of the modular space station
configurations with experimental equipment weight requirements is
depicted in Fig. 5-8. Selected configurations for this comparison

S were the‘OnéaCompartmeht Dependent Laboratory in low inclination earth
orbit and the Two~Compartmen£ Polar Orbit Laboratory. Flights 219, 518
and 523 are seen to be unobtainable with the candidate stations in their
”ﬁfésgﬁiwééﬂfiéﬁratibn'6n the basis of avaiiébié'payload."ﬁéﬁeVéf;’a
re—allocation of instailed equipment and consumables may make these two
configurations capable of accommodating these particular flight require-

ments. For éxample, Flight 219 has an excess of stored electrical

8
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energy in the form of fuel cell reactants as compared to the tabulated
AES Priority I experiment electrical energy requirements. A reduction
of this electrical energy capsbilitly would yield an increased equipment
weight capability thus making the One Compartment Dependent laboratory

a potential vehicle for Flight 219.

In summary, the majority of the proposed low irclination AES flights
could be accomplished with the One Compartment Dependent Iaboratory on
a payload available basié. All AES synghronous orbit flights could be
achieved with the Two Compartment Iaboratory of the modular approach
specifically configured for that miésion; all AES polar flights are
achievable with the noted exception of Flight 219,

The capability of a space vehicle to accommodate experiments based on
volume reguirements and volume available is more difficult to assess
than are the other noted parameters of weight, man-hours and kw-hr
requirements. Experiment volumes can be tabulated in various categories:
'stowed', 'deployed or in an operational state', 'requiring pressurized
location', and 'suitable for an unpressurized location'. Further, the
efficiency of arrangements of experiments within the volume available

is a major factor in determining the number of experiments that can be
accomnodated in & given volume. Experiment work area, aisles, etc.,
must be deducted from the gross volume available. Volumes available for
experiment installation on various spacecraft, including one compartment
of the modular configurations, are given in Fig. 5-9 along with tabular
volume requirements of the AES flights. ‘'Tabular' as used here means

the arithmetic sum of the individual experiment volumes in an undeployed

or stowed condition.

The inability of a three-man crew to perform the AES Priority I experi-
ments with the original (March 15, 1965) man-hour requirements has been
~—shown in Fig. 5-5. A further breakdown of these-requirements is shown
in Fig. 5-10. A reuevaluation of these experiment manhour require-
ments will be required to achieve mission compatibility or it will be
necessary to delete certain experiments from the current AES flight schedule.
1k
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Experiments in the medical and behavior categories total 24 out of the
85 AES Priority I experiments. The effect of summarizing these two
categories separately is illustrated in Table 5-2. The medical and
behavior category experiments are seen to have small welght, volume, and
"manhour requirements but the physical scilence (non-medical/behavior)

experiments are achleved at a relatively high penalty.

- Insufficient depth of analysis of the AES experiments has resulted in a
“broad spread of estimates of experiment requirements. Trends have begun
to appear, however, and the preliminéry analyses to date indicate that

some regrouping of the planned éxperiments will be required.

One=Compartment Dependent Ilaboratory with AES Experiments

Figure 5-11 shows the interior arrangement of a single compartment
leboratory that incorporates the experimental equipment included in
Flights 218 and 219 as shown in Table 5-1. However, the 400 series of
biological experiments were omitted due to the large volume reguirements
"of the life support equipment for animalis. The above two AES flights
were to be consecutive flights wlth one astronaut staying aloft for a full
90-day period. This interior arrangement shows that the majority of
experiments can be performed in a One Compartment Iaboratory with only

resupply of consumables and cfewaeing required.

The lower portion of the compartment is free of structure and equipment
so that a centrifuge may be located and 0perated‘there. The centrifuge
is supported from rings located around the centerline access opening
and is stabilized by wheels that run in a track at the periphery.

Power for operation is applied to these wheels. Centrifuge control is

maintained by a crew member in the center of the compartment. e

Section A-A shows a persoﬁnel airlock with a docking hatch at the end.
This airlock is retracted within the compartment durlng launch. The
control console and human performance test area is on the rlght side
while the left side of this section shows an area for pressure suit

storage.

17
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Teble 5-2
SUMMARY WEIGHT AND VOLUME DATA ON AES PRICRITY I EXPERIMENTS

? TOTAL TOTAL NONLMEDIEQ%?%EHAVIOR e WETGHT R
i S I NO. EXPERIMENTS TOTAL MEgggAL/ TOTAL MﬂgggAL/ -
i NO. |WEIGHT | VOLUME [EXP'S |NUMBER| WEIGHT | VOLUME|EXP'S |BEHAVIOR|EXP'S|BEHAVIOR -
o (1b) (£t3) :
n
28.5° 230 3152 268 | Lk 3 2381 233 | 72 Tk 6 65
28.5° 229 3196 38k b7 6 2kos | 3hg €5 Lok 8 51
28.5° 523 TT5% 546 Ly 23 6983 506 176 30k 13 22
S 521 8823 w21} ug 8 2052 107 58 257 3 9
+83° 518 L1485 265 50 9 3714 230 90 413 5 21
8 516 6486 Liph 56 15 5715 389 116 381 8 23
28.5° 221 1331 Ll 43 2 560 9 31 280 1 5
28.5° 219 1399 727 49 8 3628 692 90 b53 15 81
28.5° 218 1173 89 56 15 Lo2 5k 21 268 | 2 1
-61.5° 513 1771 86 50 9 1000 51 35 111 2 1
28.5° 215 3067 148 46 5 2296 113 67 458 3 15 EE
S 509 31k5 326 50 9 2374 291 63 264 7 28 A
+90° 507 321k 195 Wy 6 2Lh3 160 68 407 I 20
28.5° 211 1216 Lok 45 4 L5 369 27 111 9 80
28.5° 209 2566 276 | 146 5 1795 ol 56 359 6 40

Total Weight = 29,624 1b

-~ Total Volume = 4,749 ft3
(Flight 521)

Total Less Medical & Behavior¥ = 28,853 1b
W71k 13

#Medical (21 Experiments) and Behavior (% Experiments subdivided
in 20 parts): total 77l 1b and 35 ft

(1) Does not include 2300 £t3 of Experiment No. 1406 (optical telescope)

includes 2300 £ (Experiment No. 1406)

; 18
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Section B-B on the right side of this figure shows the extravehicular
suit and maneuvering unit. To the left of the centerline is shown the
biomedical and psychomotor conscle. The biomedical equipment is pat-
terned after that recommended by Lockheéd Missiles and Space Company on

Contract WASw-1071, Biological Measurement of Man in Space.

The plan view shows some experiments that do not appear in the sectional
views. Among these are the mass determination de?ice, the ergometer,
and the lower body negative pressure device. One of the universal
hatches has an experiment deployment airlock. In it is shown a solar
concentrator that is used for melting samples of materials. This unit

is also retracted during launch.

Section C-C shows the microchemical console, and the stowed position of

the portable x-ray equipment can be seen in Section D-D.

AES Flight 523 is a low-altitude, low-inclination flight of 45 days
duration with flights 229 and 230 as resupply flights. It is possible
to combine these experiments into one flight of a One-Compartment
Laboratory with one or two resupply flights for crew and consumables,
depending upon the total duration desired for some of the continuous
experiments. Filgure 5-12 shows the interior arrangement for the
One-Compartment Laboratory incorporating the experiments of Flights
523, 229 and 230. This combined flight includes all of the experi-
ments of the previously combined Flights 218 and 219 (Fig. 5-11)

- except for the extra-vehicular operations and the artificial g

experiment using the centrifuge. The removal of the centrifuge makes
one-third of the compartment available for other experiments. Once
again, the 400 series biological experiments were omitted due to the

large volume requlrements of the life support equipment for the animals,

The general floor arrangement of the compartment is shown in the plan
view of Fig. 5-12. The biomedical and psychomotor console, the navi-

gation and the radiation console, and the experiment deployment airlock

21
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along with the ergometer and lower body pressure device are all located
as shown previously in Fig. 5-11. Relocation of the microchemical con-
soie, which is retained as a unit, permits the addition of a toilet,
portable shower stall and other personal hyglene equipment at the

left of the plan view of Fig. 5-12. Cabin atmosphere monitor and

control equipment are located adjacent.

The control console and buman performance testing are shown to the right
in View A-A of Fig. 5-12. Above this 1s the food storage and preparation
area. (overs similar to window shades can be stretched over the control
console during food preparation if desired. Additional equipment stow-
age is located beneath the consoles with accessibility from either side.
Storage for personal hygiene equipment is shown at the left side of this

view with the microchemical console in the background.

View B-B shows the biomedical and psychomotor console at the left. The
urine accumulator tank and processed fecal storage is shown to the right
above the toilet. Stowage for liquid/gas/solids behavior tests is shown

in the background, right of center.

The microchemical console is shown in detail in View C-C and is the same
as used for flights 218 and 219. At the right side of the microchemical
console, a control console and a TV monitor have been added for the

astronomical experiments. Sealed models for testing propellant handling

are shown beaneath the microchemical console.

View D-D shows the equipment for monitoring and controlling the cabin
atmosphere. The test set-up shown is for liquid drop dynamics. Stowage
is indicated for the additional equipment required for the 600 series

tests on liquid/gas/solids behavior.

The 40-inch MORL type telescope is shown in its operational position
attached to a docking port. The telescope would be mounted on the top
of the compartment during launch along with the other exterior equip;

- ment required for the astronomical observations of the 700 series

experiments. The space structures equipment for the 1300 series

. 22
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2

experiments would likewise be mounted (not shown) outside on the top of

the compartment.

REFERENCES (Section 5.1)

Apollo Extension Systems - 1300 Cubic Foot laboratory, Conf.,
The Boeing Co., (17 Volumes).

Apollo Extension System Farth Orbit Mission Study, Final Report,
10 May 1965, Conf., Grumman Air craft Engineering Corp.
(5 Volumes)

Extended Apollo Systems Utilization Study, 5 May 1965, Conf.,

North American Aviation, S & IS Division, (5 Volumes).
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5.2 SUPPLEMENTARY APPLICATIONS

From an extensive list of potential experiments and surveys, the NASA
Manned Spacecraft Center has selected a group to serve as a mission
model for manned space stations. The titles of these 648 selected
applications were published in the document, "National Multipurpose
Space Station Utilization Outline," dated Oct. 1, 1964, This list

categorized the experiments and applications into five broad areas:

e Basdic Science and Technology Research

] Earth Orbital Engineering Development and Qualification
e Earth Orbital Functional Applications

e Space Mission Support

e National Defense Support

From these categories NASA selected 301 experiments and defined them in

sufficient depth to identify the following items:

e Experiment description and objectives

e Power, weight, and volume requirements for experimental
apparatus

<] Crew time necessary to carry out the experiment or survey
& Crew skill type required
© Total experiment time

© Experiment priority

In addition, Lockheed selected 104 additional experiments from the
Utilization Outline and completed descriptions for these, making a

total of L0O5 that were processed.

Table 5-3 summarizes by category the number of applications listed in

the Utilization Outline and the number actually processed. The processing
consisted of defining the experiments in greater depth to assess their
impact on the modularized space station design, épéfation, and utiliza-
tion. To aid in formalizing these constraints and reguirements, a

standardized Experiment and Application Summary form, as shown in

26
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Fig. 5-13, was prepared. In addition, where possible, pictures or
schematic diagrams were included to illustrate any unique test equipment
involved. The complete set of 405 Experiment and Application Summaries

are presented in the Appendix volume of this report.
These experiment summaries served several purposes:

1. Experiment interdependencies were established in several ways.
One grouping was based on experimental equipment commonality.
Insofar as possible, those experiments using common test equip-
ment were grouped in close proximity in both space and time;
that is, they would tend to be placed near each other in the
space station laboratory compartments, and, when required,
would be performed at nearly the same time. This was especially
true for several of the biomedical experiments and for many of
the Earth survey applications, as shown in Tables 5-<4 through

5-8.

Another aspect of interdependence grouping consisted of deter-
mining which experiments should precede others in time. This
is necessary where the results of one or more tests must be
obtained before others can be carried out. Because of a NASA-
directed shift of emphasis, this type of interdependence
grouping was done only for those experiments received before
the mid-term of the study. The result of this grouping is
shown in Table 5-9,

Several of the biomedical experiments were grouped in sets for
convenience in gathering data. For example, those tests com-
prising a general physical examination were grouped together
and would be carried out as a group (Table 5-10).

2. The experiment briefs aided the spacecraft designers in laying
out the inboard profiles. The briefs describe the necessary
test apparatus by such items as: critical dimensions, volume,
suggested placing of equipment, pictures or diagrams of existing
apparatus, and potential safety hazards.

3. Subsystem designers vwere alerted to special requirements placed
on the space station, such as heating or cooling of equipment,
unusual spacecraft stability specifications, or stringent
navigation requirements.

k., Space station operating parameters were affected by several
e e 2items described In the briefs. Certain experiment performance
requirements can be satisfied only by special polar and synchro-
nous missions, or by rotating or non-rotating stations. The
number of experiments falling into these categories are listed
in Table 5-11. ‘
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Table 5-3

SPACE STATION APPLICATIONS SUMMARY

Category

BASIC SCIENCES AND TECHNOLOGY RESEARCH

ILife Science

Space Environment
Astronomy /Geoscience
Physics/Chemistry

EARTH ORBITAL ENGINEERING DEVELOPMENT
AND QUALIFICATION

Crew Systems

- Structures and Materials

Electric Systems/Mechanical Systems
Navigation-Guidance /Communications
Optical Systems

Propulsion

Stability and Control

Space Maint./Operational Procedures

EARTH ORIENTED FUNCTIONAL APPLICATIONS

- Meteorology
_Communications/Navigation Aid
Surveys of Earth/Socio-Economic Studies

SPACE MISSION SUPPORT

Service and Maintenance
Crew Mission Criteria
Orbital Iaunch Operations
Mission Control

Orbital Recovery Operations

NATIONAL DEFENSE SUPPORT
Passive Support
Active Support

TOTATL
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Suggested Number of
Number of Applications
Applications  Processed
161 152
28 17
71 30
72 18
25 23
50 39
31 19
37 13
5 2
18 8
1k 13
34 11
19 1
10 8
36 28
3 2
L 2
7 2
8 6
b 1
648 Los
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EXPERIMENT AND AFPLICATION SUMMARY

TITLE MNASA No.
lockheed No.

OBJECTIVE

INSTALLATION REQUIREMENTS

Normal Operating Environment: Equip. - ; Crew,

Weight of Equipment and Supplies (Ib.)

Volume of Equipment and Supplies (cu. ft.): Intemal ___ ; External
Critical Dimensions (ft.)
List of Test Apparatus

O BW N e

Average Power Requirements (kw)

Special Thermal Requirements

Orientation: loboratory ; Equipment

00N

Special Navigation Accuracy

10. Stability and Peinting Accuracy

11. Oibit Requirements

12. Gravity Requirements

MANPOWER REQUIREMENTS

Number of Crew Required

Skill Categories

Total Man=hours

Chronological Span

Experiment Cycles: Duration ; Number

O Ut BN e

Potentiol Hazards

DISCUSSION:

FIG, 5-13 SAMPLE EXPERIMENT AND APPLICATION SUMMARY FORM

LDCHHEED 29
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Table 5-4
BIOMEDICAL EXPERIMENTS USING CALSUL EQUIPMENT

Number ‘ Title
1.1.1.6 Venous Pressure and Circulation Time
1.1.1.11 Blood Catecholamine
1.1.1.32 Urine 17 kg Steroid
1.1.1.44 Blood and Urine Sugar
1.1.1.53 Blood 17 kg Steroid
1.1.1.61 Glomerular Filtration Test
1.1.1.62 Blood Alkaline Phosphate
1.1.1.71 Blood-Urea Nitrogen
1.1.1.75 Urinary Albumin
1.1.1.78 Blood ATP
1.1.1.80 Urine Catecholamine
1.1.1.88 Blood and Urine Creatinine
Table 5-5
EXPERIMENTS USING X-RAY EQUIPMENT
gumber Title
1.1.1.1 Pulmonary Pathology and Heart Size
1.1.1.1k Kidney and Bladder Stone Formation
1.1.1.30 .. - Gastrointestinal Tract Motility
1.1.1.87 Bone Density
Table 5-6
EXPERIMENTS USING HUMAN CENTRIFUGE
Number Title
1.1.1.k Body Mass
1.1.1.90 Centrifuge Test

LOCKHEED 30
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‘EXPERIMENTS USING MAPPING CAMERA AND ASSOCIATED EQUIFMENT

Number

1.4.1.20

3.4.1.1

3.k.1.2

3.k.1.5

3.4.1.6
- 3.4.1.8

3.4.1.9

3.&.1.10'
3.4.1.11
3.k.1.12
3201
3.b.2.6

o
LOCKHEED

CAULIFORNIA COMPANY

Title

Geographic Studies

Estimates

Water Resources Survey
Forestry Survey

Agricultural Survey

Crop Prediction

ﬁonitor Earth's Vegetation
Optimum Use of Habitable Land

Mineral Survey

Survey and Dyhamic Mapping of the Earth's
"Surface for Agricultural Production

Observation of Volcanic Eruption Effects

Oceanography Studies

Tidal Wave Warning

31
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Table 5-8

EXPERIMENTS USIRG INFRARED RECETIVER AND ASSOCIATED EQUIPMENT

Number Title

1.4.1.0 Infrared (7-30 microns) Response of
Geologic Materials

3.4.1.1 Survey and Dynamic Mapping of the
© < Earth's Surface for Agricultural
Production Estimates

~3.k.1.2 Water Resources Survey
3.h1.5 Forestry Survey
3.4.1.6 Agricultural Survey
3.4.1.7 Forest Fire Warning
3.4.1.8 Crop Prediction
3.4.1.9 Monitor Earth's Vegetation
3.4.1.10 Optimum Use of Habitable Land
3.h.1.11 Mineral Survey '
3.4.1.12 Observation of Volcanic Eruption Effects
3.4.1.148 Determine Composition of Soils from

Spectral Infrared Emission

C3.h4.1.15 ' Determination of Composition and
Distribution of Soil Types from Infrared
Emission Imagery

3.4.1.16 Atmospheric Modification of the Infrared
: Spectral Reflectance and Emittance from
| Vegetation
§ 3.4.2.1 Oceanography Studies
E 3.4.2.3 Sea Temperature Gradients
| 3o " Iceberg Position Status -
g 3.4.2.9 Fish Migration
| 3.k.2.12 Thermal Structure and Patterns of the
T - Ocean Surface from Spectral Infrared
| _ . Emittance
§ 7 3.4.2.13 Determination of the Thermal Pattern and

Structure of the Ocean Surface by Imaging
the Fmitted Infrared Radiation
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Table 5-9
SEQUENTTAL, INTERDEPENDENCE OF EXPERIMENTS (Cont.)

Primary | ; : Dependent , ,
Number Experiment Title Numbexr Experiment Title
2.9.1.5 Evaluation of Farth, Moon, Sun and 1.2.1.1 Extraterrestrial Electromagnetic
‘Star Tracker Performance Radiation Survey
f 1.2.1.7 Alvedo Level Measurement Program

| ‘ ' 1.2.k.2 Horizon Spectrometry

1.4.1.2 Multispectral Sensing of the
Terrestrial Surface

2.7.2.1 Advanced Photographic Systems
Evaluation

2.9.1.3 Evaluagion of Lock-On Systems for 1.kb.1.2 Photography of the Terrestrial
. Terrain Reconnaissance and Surface
Communication
3.1.1.1 Mapping of Cloud Formations

3.1.1.2 Mapping of Changes in Snow and Ice
Coverage
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Table 5-~10

EXPERIMENTS PERFORMED WITH THE GENERAT, PHYSICAL EXAMINATION

Number Title

1.1.1.2 Evaluation of Superficial Sensation

1.1.1.3 Blood Volume

1.1.2.7 Exercise Test

1.1.1.10 Muscie Function

1.1.2.17 Capillary Fragility

1.1.1.18 Visual Fields Evaluation

1.1.1.19 Incisional Healing and Bleeding Time

1.1.1.20 Respiratory Rate

l.l.l.21v Mucosal Integrity Evaluation

1.1.1.23 Skin Thickness

1.1.1.2h Venous Distension

1.1.1.27 Body Temperature

1.1.1.31 Color Vision Evaluation

1.1.1.33 Heart Sounds

1.1.1.34 Muscle Size

1.1.1.36 Reflex Response and (lonus Evaluation

1.1.1.38 Vestibular Reaction

S1.1.3.h Pulse Rate »

1.1.1.45 Visual Acuity, Depth Perception and Accomodation

1.1.1.58 Incidence of Aerotitis Media

1.1.1.59 Expiratory-Inspiratory Force

1.1.1.66 Blood Pressure

1.1.1.7h Joint Motion Range

1.1.1.79 Retinal Examination

1.1.1.82 Liver Size

1.1.1.86 ‘General Physical FExamination ~ T
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5. From the summaries, key punch inputs for the Development of
Events Sequences (DOES) computer program were prepared. This
computer program is described in Section 5.3. The IBM cards
were coded for the following items: experiment number,
priority, crew skill, crew time, electrical power, and
experiment interdependency.

6. Because of various constraints, not all experiments can be or
should be performed on all the space stations. From the
Experiment Summaries, a potential experiment assignment was
compiled as showvn in Table A-l, of the Appendix. This list
would allow & DOES IBM card deck to be compiled for each of the
space station configurations; however, the NASA-directed shift
“of emphasis precluded this final filtering by the DOES program.

7. TFinally, from the Experiment and Application Summaries, histo-
' grams and their associated cumulative distribution functions
were constructed for the following parameters: weight, stored
volume, manpower requirements, and electrical power requirements.
Figures 5-14 through 5-21 present these curves.
Figure 5-14 shows the distribution of test equipment weight required for
each experiment or application. This is a highly skewed distribution,
peaking between O and 50 pounds. It should be noted also that there are

several experiments requiring very heavy test eguipment; five requiring

weights between 1000 and 2000 1b, two between 5000 and 10,000 1b, and
one at 48,000 1b. Tigure 5-15 is the derived cumulative distribution
of test equipment weight. The mean value was calculated to be 270 1b
per experiment with 90 percent of the experiments requiring 225 1b per

experiment or less.

Figure 5-16 presents the distribution of test equipment stored volume
requirements for each expefiment. This is slso a highly skewed distri-
bution, peaking between O and 5 cu ft per experiment with a few experi-
_ments having a very high volume requirement. Figure 5-17 is the volume
requirement cumulative function. The mean value is 13 cu ft per experi-

ment and 90 percent of the tests require less than 7.5 cu ft each.

T T Figures 5-18 and 5-19 are the frequency distribution and the cumulative
distribution, respectively, for electrical pover. The mean value was
calculated to be 0.21 kv per experiment, and up to the 90th percentile
the experiments required 0.4 kw per experiment or less.
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NOTE: 116 EXPERIMENTS HAVE ZERO
VOLUME REQUIREMENTS DUE
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Finally, Figs. 5-20 and 5-21 show the distributions of man-hours per
experiment. The mean is 783 man-hours per experiment with 80 percent

of the experiments having this value or less.

Table 5-12 shows a further breakdown of mean values for the various
categories of experiments and applications. In addition; the overall
mean values are tabulated for weight, stored volume, power, and man-

hours for all 405 experiments.
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5.3 EXPERIMENT AND APPLICATIONS PROGRAMMING

The current mission model for the Modular Multipurpose Space Station
family of vehicles consists of 405 experiments and applications. The
task of sequentially scheduling these within the finite constraints of
the space station is a major problem. To aid in this process, the DOES
(Development of Events Sequences) computer program was developed. This

stored computer program was vwritten in the Cobol language for the

IBM 709k. It takes as inputs specific experiment data requirements, and
schedulss the experiments within the constraints of available manhours
per week, electrical power per week, priority and other limitations. The
output lists the start date for each experiment and the end date, weekly
manhour commitments for each skill type, power consumed per week, and
the inability to schedule certain experiments within the established
constraints. It also has the capability of scheduling experiments at
some specified time delay after some particular independent experiment.
If required, this time delay can take on the value of zero, so that
certain experiments can be scheduled simultaneously as a block. A

simplified logic diagram of the DOES program is shown in Fig. 5-22.

Examples of the print out of this program are shown in Tables 5~13 and
5-14. With the exception of the "start date" value, Table 5-13 is a
print-out summary of the data input for each experiment. The columns in
the table, from left to right, show test number, tifle, priority, start
date (cemputed output), time span (weeks), power required (watt—houre/

week), hours required of various crew skills_(man~hours/week),‘cumulative

manhours required, other test number on which the test is dependent, and
~the time delay between the two tests. The electrical and manpower con-

straints and requirements were chosen on a per-week basis to take advan-

tage of the transient overload capabilities of the crew and the electrical
T — - power subsystem. ~If required after the preliminary grouping and schedul-

ing, this time increment can be reduced to some more vrecise unit, such
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as a day or an orbital period. The crev skills referred to are, by

- number:

Physician
2. Physical science experimentér
3. Biomedical scilence experimenter
Lk, Undesignated skill
5. Subject time.

Table 5-14 shows the computed characteristics of the integrated experi-

ment program, where the columns, from left to right, show the week of

operation, total power required, man-hours per week of the various skills,

and the total man-hours for the particular week of experimentation. This

tabular output can be plotted to show more readily the manpower and
energy profiles. A sample plot, Fig. 5-23, shows that for the first
seven weeks, manpower, the most prevalent constraint is limiting;
however, changes in experiments at the seven-week point cause elec-
trical power to become limiting. This particular schedule is
interesting in that it suggests further schedule optimization or,
failing to accomplish the desired result in this manner, an increase in
the capacity of the electrical power subsystem. Increases in capacity
of the power system imply economic trade-offs in power system costs

versus manpower costs.

The DOES program was not applied to all 405 experiments for all vehicle
configurations because of possible NASA contract duplications of effort;
‘however, the program is operable, and with the use of a space station

capability matrix such as shown 1n Table 5-15, and the potential experi-

-ment assignment list in the Appendix, experiment groupings and schedules

could be formulated for the entire family of multipurpose space stations.

It is suggested this task be carried out as part of a future study.

iAithédéthﬁé DOES program is éﬁ}}énfiy beiﬁg Tefihéa andwﬁbdatéd, it

cannot accurately predict such time-consuming events as equipment or

personnel failures, unexpected experiment results, experiment lead-in
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and lead-out times, etc. Consequently, a need is foreseen for the con-
tinuous availability for a DOES, or equivalent, program aboard each of
the space stations to minimize overloads or underloads to the vehicle
capabilities. On the larger coﬁfiguraﬁions, such a program could be
built into the on-board computers, and on the smaller, ground-dependent
systems, the results of the program could be made avallable through the

communications link.
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5.4 INTERIOR ARRANGEMENT PHITOSOPHY - INTERIM SPACE STATION

5.4,1 Crew Distribution and Scheduling

The interior layout of each compartment of the Interim Space Station is
dependent upon:

@ The availability of crewmen for experimental or station
operation functions,

e The grouping of like experiments, i.e,, the experiment
allocation per compartment,

In analyzing the availability of crewmen, a model crew distribution

was established, The crew of nine men establishes three shifts of
three men each, This means that for any point in time, there are three
men asleep and six men active at station operation, experimentation or
off-duty activity. The six active crewmen are assumed to be dispersed
about the six-compartment spacecraft as follows:

A, Routine operations of the station from the control compartment
are considered to require one man with another available as an
assistant and intermittent replacement, It is practical for one
man in each shift to be trained in this function., One of the

two is also intermittently available to conduct experimentation
located in the control compartment. ’

B, It must be assumed that at least two crewmen will be in a bio-
medical laboratory because of the routine data collection needs.
Also, a number of the experiments and measurements require a
subject and experimenter team,

C. The two remaining men will participate in experimentation and
observations in the physical sciences laboratory and the
observatory compartment,

The nine-man crewoffers a minor problem in scheduling. While it is
quite evident that three shifts of three men each are in order, the
meal shift arrangement is problematical, It was deemed inadvisable to
eat in groups of_three as this would leave only three men in sustaining

experiméntafiéﬁ;yiAfufﬁébdﬁher exf}éﬁé;MifwéééﬁHQéié %b eat aléﬂé;'it

~would involve 27 meals in a 2h-hour period and it is likely that exveri-

ment schedules would be jeopardized by minor galley mishaps. Therefore,

a two man-per-meal arrangement was settled upon, even though the two

LOCKHEED 7
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meals will not necessarily be similar, i. e, there may be one lunch and

one dinner scheduled,

The accompanying diagram, Fig. 5-2L4 depicts a sample 2h-hour schedule,
The off—duty time has not been indicated, as that depth in analysis is
not germane to the basic interior arrangemenﬁ, The space sult stowage
allocations are dependent upon the foregoing as are the working provi-

sions in each compartment,

The men are grouped towards the living compartment end of the station
and the greater preponderance of experimental equipment is toward the

opposite end, with the principal docking and resupply at the greater

distance Trom the crew accommodations, This situation makes it possible
to provide maximum room where i1t is needed for the crew to relax and to

carry out their routine activities, while the placement of major experi-

mental equipment need not be influenced greatly by these restraints.

5.b,2 Work Area Configuration

An examination was made of floor patterns for eguipment installation

that would yield a maximum equipment density while retaining 30-inch

aisles and work spaces, Figure 5-25 shows the conventional annular
aisle. With the depth of the outer ring of equipment limited to 20 in,
z so that the volume lost in providing swing-out access to the wall is

not excessive, this configuration uses 55 percent of the floor area for

equipment installation. The "H" pattern, shown in Fig. 5-26 localizes
major equipment on the axis normal to the side ports and increases the

] :
gl floor area used for equipment installation to 66 percent.
&

In the physical sciences laborstory, where there is a high equipment
volume requirement, the "H" configuration is employed to advantage, It

allows a vertical web across center of the laboratory to be utilized both

as a launch load'support member for the equipment, and as a partition
capable of retaining a small pressure differential, This becomes quite

useful in designing the toxic materials chamber,

LOCKHEED 53
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FIG. 5-25 WORK AREA CONFIGURATION WITH AN ANNULAR AISLE

FIG. 5-26 WORK AREA CONFIGURATION WITH AN "H" AISLE
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5.4.3 Experiment Allocation

Table 5-16 presents a summary of the number of experiments and their
weight and volume utilization per compartment. The volume utilization
is based upon a compartment volume of 1250 cu ft including the floor-

ceiling interconnect tube volume of 43 cu ft.

The volume data of Table 5-16 are portrayed graphically in a bar chart,
Fig. 5-27. Occupancy provisions¥*, occupancy for both six- and nine-man

crews, and space suilt stowage are also depicted in the bar chart.

Lists of the experiments that have been included in the design of each
of the six compartments are given in Tables 5-17 thru 5-22. The experi-
ment titles and numbers have been selected from "National Multipurpose
Space Station Utilization Qutline", dated October 1, 1964, published by
the NASA-MSC Space Station Study Office.

5.4.4 Interior Arrangements

The four laboratory compartments of the Interim Space Station are shown
in detail in Pigs. 5-28 thru 5-31, showing the placement of the experi-

“mental equipment previously described.

5.4.4.,1 Physical Sciences Laboratory

The interior arrangement of the Physical Sciences Laboratory is shown in
Fig. 5-28. This laboratory is primarily for the testing of materials

and components.

Section A-A shows a test material preparation area at the right. To the
~left of the interconnect tube is equipment used for the physical testing
of fluids,

Section B-B shows at the right a large sample analysis chamber that can
‘be sealed during tests. Various pieces of recording and test equipment

are located to the left of the centerline interconnect tube.

The plan view shows usage of the two external hatches. One is used for
exposing materials to the outside environment; the other hatch is used

for the weteoriod gun and reentry model launching. It is used also for

*Occupancy provisions: the number of men who can work or function in
& compartment.
LOCKHEED ’ 56
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Table 5-17
EXPERIMENTS SELECTED FOR COMPARTMENT 1, SUBSYSTEMS COMPARTMENT

1.1.3.6 Long-Term Animal Exposure
1.1.3.12 Experimental Analysis of Animal Adjustment in Various

Degrees of Gravitational Force

1.1.3.17 Discrimination & Communication of Animals Under zero-g
7 Conditions .
1.1.3.19 Changes in Sex Distribution of Offspring Conceived,

Developed, and Born in the Weightless State
2.,1.1.1 Performance & Reliability Data of Secondary Environmental

Control System

2.1.2.1 Test of Gerbage & Waste Disposal Methods

2.1.1.k Transient Effects of Varying Heat Load on ECS

2.1.2.15 Urine Purification System Functional Tests

g'u,2.l Rendezvous and Docking

2.h,2.2 Crev Transfer & Cargo Handling

2,11,1.5 Crew & Cargo Transfer Techniques

2.1.2,13 Solid Waste Reclamation under Zero-g

2.1.2.2 Development of Regenerative Oxygen Supply Systems

} . Under Zero-g _

2.,1.2.1k4 Test of Regenerative Water Supply System Under Zero-g
i:mOCE{HEEE‘EEE 29
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Table 5.18

EXPERIMENTS SELECTED FOR COMPARTMENT 2, OBSERVATORY

1.2.4.2
1.2.1.1
1.2.3.3

1.2.4.6
1.4,1.1
1.k.1.2
1.4.1.3
1.k.1.12
14,10
1.4,1.20
1.h,1.13
1.4.1.8
1.4.1.0k

1.%.1.9
1.k,2.2

B TUST-r B

1.k,1.5
2,9.1.11

2.9.1.3
2.9.2.4
- 2.9.1.k
2.9.2.3

0 2.9.1.10

2.9.1.2

LOCKHEED

COMBANY

i

Horizon Spectrometry

Extraterrestrial Electromagnetic Radiation Survey
Measurement of Farth Origin Electromagnetic Radiation
Spectrum & Distribution

Measurements of Local Spacecraft External Atmosphere
Multispectral Sensing of the Terrestrial Surface
Photography of the Terrestrial Surface

Monitoring of Earth's Vegetation by IR

Cartography

Infrared (7-30 microns) Response of Geologic Materials
Geographic Studies

Geodetic Survey

Spectral Photographic Response )
Determination of Composition and Distribution of Rock
Types from Infrared Emission Mission Imagery
Multispectral Photography, Film Filter Oriented
Multispectral Sensing of Lunar Surfaces

Photography of Lunar Surfaces

Infrared-UV Spectral Emittance

Evaluation of Stabilization Systems for laser
Communications

Evaluation of ILock-on Systems for Terrain Reconnaissance
and Commurdication

Techniques for Trailing Test Units from Space Station
Evaluation of Low Range Accelerometers

Test & Evaluation of Control System Torgueing Devices
Development Tests of Gravity Gradient Components &
Techniques

Horizon~Scanning Infrared Sensor

60
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Teble 5-18 (cont)
EXPERIMENTS SELECTED FOR COMPARTMENT 2, OBSERVATORY
2.9.1.7 Gyro Drift Tests
2.9,1.9 Radiatidn Sensors to Determine Earth's Vertical
2,9,1,6 Evaluation of Inertial Components
2.,9.1.8 Optical Scanners
1.3.1.15 Measurement of Iunar Temperatures Using a Spectrometer
1.3.2.1 Observations of Barth-Surface Detail in 8 to 16 micron
Band Pass '
1.3.2.2 Electro-Optical Experiment
1.3.2.5 Radio Astronomy Star Resolution
1.3.3.2 Spectral Analysis of Star Sources Useful for Space
Navigation
1.3.3.h Evaluation of Pertinent Factors in High Resolution Space
Photo Reconnaissance
S1.3.k.9 Observation of Ionized Cloud in Space
1.3.1.8 Stellar Background Measurements
3.1.1.2 Mapring of Changes in Snow & Ice Coverage
3.1.1.3 _ Monitoring Jet Stream
3.1.1.6 Fog/Smog Survey and Prediction
73.1.1.5 Hurricane Watch & Warning
3.1.2.2 Clear Air Turbulence Study & Prediction
3.3.1.3 Ship Routing and Control
3.3.1.2 Search and Rescue
3.3.1.1 Navigation Aid for Ships at Sea
3.4,1.1k Determine Composition of Soils from Spectral Infrared
| Emission ' N ' ' ‘
3.k.2.7 Iceberg Position Status
3.4,2.6 ~ Tidal Wave Warning
Vé.M,l.?  Forest FireVWarniﬁg o
3.b.2.3 Sea Temperature Gradients
3.4.1.2 Water Resources Survey
3.4.1.11 Mineral Survey
o 61
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Table 5-18 (cont)

EXPERIMENTS SELECTED FOR COMPARTMENT 2, OBSERVATORY

3.4.,1,10
3.4,1.3

3.4,1.1

3.k.2.9
3.4.1.5
3.4,1.8
3.k,2.1
3.k.2.2
3.k.2.5

3.4.1.13

3.4.1.12
3.4.,1.6
3.4.1.9
3.4.2.10
3.4,1.15

3.4,1,16

3.5.2.3
3.5.2.k
3.5.2.5

LOCKHEED
CALIFORNIA COMPANY

—5

Optimum Use of Habitable Land

Geodetic & Topographic Mapping

Survey & Dynamic Mapping of the Earth's Surface for
Agricultural Production Estimates

Fish Migration

Porestry Survey

Crop Prediction

Oceanography Studies

Remote Sensing of Broad Scale Hydrologic Phenomena
Ocean Currents Analysis

FEarthquake Observations

Observation of Volcanic Eruption Effects

Agricultural Survey

Monitor Earth's Vegetation

Whale Migration - .
Determination of Composition and Distribution of Scoil
Types from Infrared Emission Imagery

Atmoépheric Modification of the Infrared Spectral
Reflectance and Emittance from Vegetation

Thermal Structure and Patterns of the Ocean Surface
frbm Spectral Infrared Emittance

Determination of the Thermal Pattern and Structure of
the Ocean Surface by Imaging the Emitted Infrared
Radiation | |
Radioactivitvaevel Survey

Community Planning

Indﬁétrial Planniﬂgir
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Table 5.19
EXPERIMENTS SELECTED FOR COMPARTMENT 3, PHYSICAL SCIENCES LABORATORY

1.2.2.1 Micrometeroid Environment Mapping

1.2.,1.2 Bubble Chamber Experiment
1.,2.,2.2 Micrometeroid Composition & Velocity
1.2.2.3 Projection of Artificial Meteroids into the Earth's
Atmosphere
1.2.k.k4 Measurements of Jet Flow in Vacuum
S 1.h.3.8 Study of Planetary & Satellite Surface Properties
1.5.3.4 Particle-Particle Studies
1.5.1.2 Beat Transfer in Liquids & Gases under Zero-g
1.5.1.3 Absorption of Gases by Liguids at Zero-g
1.5.1.% Density Profiles of Liguids in the Critical Region
1.5.1.5 Static & Motion Tests of Interface Phenomena
1.5.1.6 Study of Convective Heat Transfer at Zero-g
1.5.1.13 Thermal Conductivity of High Pressure Gases under Zero-g
1.5.2.6 Plasma-Electromagnetic Interactions
1.5.3.2 High Energy Particle Physics
1.5.3.3 Study of High Energy Particle Physics Using Spark
N Chamber :
1.5.3.6 Particle-Surface Interactions
1.5.4.2 Measurement of Nongravitational Forces
2.1.2.3 Photosynthetic Gas Exchanger Tests
e - 2.1.2.8 - Fire Extinguishment under Zero or Partial Gravity
g‘ ’ Conditions
2.1.2.16 . Magnetic Radiation Shielding Evaluation
2.1.2.7 Algae Closed Cycle Life Support Systems
2.2,1.1  The Effect on Materials of Long-Term Exposure to the
Space Environment ' |
2.2.3.2 Tests of Self-Sealing Structures
2.,2,1.2 Fatigue Tests of Materials after Exposure to Spacéj
Environment 4
LOGKHEED 63
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Table 5-19 (cont)

EXPERTMENTS SELECTED FOR COMPARTMENT 3, PHYSICAL SCIENCES LABORATORY

2.2.1.k
2,2,1.5

202'5‘1
2,2,1.6

2.2,1.7
2.205'2

2.2.1.8

2,2,1.9
2.2.3.1
2.,2.4h.2
2.2.k.3
2.2.2.6
2,2,1.19
2.3.1.2
2,3.1.h
2.3.1.5
2.3.1.7
2.3.1.9

2,3.1.10
2.k,1.1
2k

2.h.2.k
2.4k.2.5

L
LOCKHEED

CHUIFORNIA COMPANY

Behavior of Thermal Control Surfaces in Space

“Structural Damage Determination Caused by Meteroid

Penetration

Leak Detection & Sealing Techniques

Liguid Lubricant Life under Zero-g and One-Sixth Gravity
Conditions

Liquid Lubricant Recovery under Zero-g Conditions
Analysis of Outgassing of an Orbiting Space Vehicle by
use of a Mass Spectrometer

Determination of Thermal Conductivities of Materials at’

Zero-g

Cold Welding of Metals in a Space Environment

Deployment & Structural Stability Tests

Deployment & Structural Stability Tests

Radiation Shadow Shield Tests

Radiation Shielding Materials Testing

Fluid & Gas Permeability of Various Elastomers
Deployment of Foam-Rigidized Solar Collectors
Deployment & Erection of large Area Solar Collectors
Deployment & Erection of Large Area Space Radiators
Evaluation of Solar Mercury Rankine System
Photovoltaic & Photoemissive Material Deterioration
Evaluation o

High Sensitivity Photo Detectors

Liquid Lubricant Systems under Zero-g Conditions
Study of Whirl Instabilities in a Hydrodynamic Journal._...

Bearing Operating under Zero-Gravity Conditions

" Deployment Devices

Redesign of Mechanical Fasteners
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Table 5-19 (cont)

EXPERIMENTS SELECTED FOR COMPARTMENT 3, PHYSICAL SCIENCES LABORATORY

2.8.1.1
2.8.1.2
2.8.2.1
2.8.1.3
2.8.1.5

2.8.2.8

2.9.2.1

2,10,2.2
2.10,1.1
2,10.1.2
2.10.2.3
2,10,2.8

2,10.2.7
4,3.3.3
h,1,1.2
2,2.1.25

2,2.1.12
2.2.1.1k
2.2.1,11

2,2.1.37
2.2.1.35

2.2.1.20
2.2.1.21
o.2.2.0

LOCKHEED

CALIFORNIA COMBARY

Zero-G Propellant Tank Slosh & Vortexing
Re-start Capability after Long Exposure to Space
Ton Propulsion Recombination

Leakage of Propellants

Test of Propellant Activated Device Components in
Space Environment

Test of an Electric Propulsion Unit

Tvaluation of Reaction Control Components

Study of Space Maintenance Methods & Tools
Joining Materials & Components in Space
Application of Thermal Control Coatings in Space
Repair of Heat Shield in Space

Determination of Fabrication & Sealing Techniques &
Heat Transfer Patterns for Structural Parts
Meteroid Hit Repair

Reentry Tests

Analysis of Maintenance Problems in a Zero-g Environment

- Heat Transfer & Radiation Properties of Solid, Matrix

& Filled Thermal Insulators

Effect of Space Environment on Ablative Materials

Patigue Crack Propagation in a Vacuum

Measurement of Solar Absorptivity & Thermal Emissivity
of Thermal Control Coating by Spectrophotometry
Radiation Heat Transfer ‘

Breathing Mode and Fluid Behavior in Zero-G Space
Environment

Polymerizatioﬁ of Elaétbhéric Monomers

Decompressional Fatigue of Rubber Mechanical Ttems

Thermal Strains in Spaceframe Structure & Insulation

65
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Table 5.19 (cont)
EXPERIMENTS SELECTED FOR COMPARTMENT 3, PHYSICAL SCIENCES LABORATORY

2.2.2.3 Structural Damping Measurements

! 2.2.5.3 Internal Laboratory Spacecraft Environment Noise &
Vibration Levels
2.2.1.107 Activation Measurements
2,2.1.30 The Effects of High Energy Particulate Radiatioﬁ on
Selected Materials - Particularly Organic Compounds
2,2,1.13 Effects of Space Environment on the Wear Properties of
Metals
2.2.2.5 Pressure Loss Through Structural Organic Material
2.2.2.h Determine Corrosive Effects on Space Station Resulting

from Propellant Boil-Off

2.,2.1.15 Environment Correlation
2.2.1.36 Evaluation of Elastomers
2.2.1.33 Meteroid Effects on Materials and Surfaces

2.2.1.3k Meteroid Penetration of Materials

=
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Table 5-20
- EXPERTNE! SELECTED FOR COMPARTMENT L4, BIOMEDICAL LABORATORY
1.1.1.1 Pulmonary Pathology & Heart Size
1.1.1.2 Evaluation of Superficial Sensation
1.1.1.3 Blood Volume
1.1.1.5 Cardiac Electrical Activity & State
1.1.1.6 Venous Pressure & Circulation Time
1.,1.1.7 Exercise Test
1.1.1.8 Cardiac Output & Heart Movement
1.1.1.9 Blood & Urine Potassium & Sodium
1.1.1.120 Muscle Function
1,1.12.11 Blood Catecholamine
1.1.1.12 End Expiratory pCO2 & p02
1.,1.1.13 Voiding Evaluation
1.1.1.1k Kidney & Bladder Stone Formation
1,1.1.15 Red Blood Cell Mass
1,1.1.16 Eosinophil Count
1.1.1.17 Capillary Fragility
1,1,1.18 Visual Fields Evaluation
1.1.1.19 Incisional Healing & Bleeding Time
1,1.1.20 Respiratory Rate
1.1.1.21 Mucosal Integrity Evaluation
1.1.1.22 Cardiopulmonary Symptons
1.1.1.23 Skin Thickness
1.1.1.24 Venous Distension
1,1.1.25 . Nausea-Regurgitation Evaluation B
1,1,1.26 Blood Bilirubin
1.1.1.27 Body Temperature
l,i;l;ég | &ﬁguiafrﬁeabéorpfionifést ’
1.1.1.29 Energy Requirements
1,1.1.30 Gastrointestinal Tract Motility
‘LocKHEED 67
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Table 5-20 (cont)

EXPERIMENTS SELECTED FOR COMPARTMENT 4, BIOMEDICAL LABORATORY

1.1.1.31
1.1.1.32
1.1.1.33
1,1,1.3%
1,1.1.35
1.1,1.36
1,1.1.37
1,1,1.38
1,1.1.39

1.1.1.k0

1.1.1.51
1.1.1.hk2
1.,1,1.43
1.1.1.kh
1.1.1.45
1,1.1.46
1.1.1.4h7
1.1.1.48
1.1.1.49
1.1.1.50
1.1.1.51
1.1.1.52
1.,1.1.53
S 1,1.1.54
1.,1.1.55
1,1,1.56
1.1.1.57

1.1.1.58

1,1.1.59

LOCHHEED

LIFORNIA COMPANY

Color Vision Evaluation

Urine 17 kg Steroild

Heart Sounds

Muscle Size

Urine & Fecal Nitrogen

Reflex Response & Clonus Evaluation
Bowel Function Bvaluation & Stocl Characteristics
Vestibular Reaction

Cortical Activity

Bating Habits Evaluation

Pulse Rate

Autonomic Hyperactivity

State of Arousal

Blood & Urine Sugar

Visual Activity, Depth Perception and Accomodation
Cerebral Blood Flow

Urine Bilirubin

GI Absorption Test

Urine & Fecal Occult Hemorrhage
Capillary Morphology

Pfotein Assimilation

Blood & Urine Chloride

Blood 17 kg Steroid

~ Prothrombin Time

Blood, Salivary & Urine Delayed Analysis

Respiratory Volume

Bromsulphalein (BSP)

Incidence of Aerotitis Media

Expiratory-Inspiratory Force

68
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Table 5-20 (cont)
EXPERIMENTS SELECTED FFOR COMPARTMENT u, BIOMEDICAL ILABORATORY
1.1.1.60 Blood Plasma Protein Fractionation
1.1.1.61 Glomerular Filtration Test
1.,1.1.62 Blood Alkaline Phosphate
1.1,1.63 Tubular Excretion Test
1.1,1.6% Complete Blood Cell Count
1,1,1.65 Oxygen Uptake and Carbon Dioxide Production
1.1.1.66 Blood Pressure '
1.1.1.67 Fluid Intake and Output Evaluation
1,1.1,68 Blood Osmolarity
1.1.1.69 RBC Uptake Ij,q
1.1.1.70 Oxygen Uptake by Red Blood Cells
1,1.,1.71 Blood-Urea Nitrogen
1,1,1.72 Visual Tllusion Evaluation
1.,1,1.73 Hearing
1.1.1,7h Joint Motion Range
1.1.1.75 Urinary Albumin
1.,1.1.76 Bacteria Smears and Cultures
1.,3.2.77 Red Blood Cell Survival
1.1.1,78 Blood ATP
1.1.1.79 Retinal Bxamination
1,1.1,80 Urine Catecholamine
1.1.1.81 Pulse Wave Velocity
1.,1.1.82 Liver Size
. 1.1.1.83 Gas Formstion and Péséééeir .

1,1.,1,84 Venous pCOp, pO,, PH

) 1.1.1.85 ~ Muscle Activity and State
1,1.1.86 General Physical Examinatién
1,1,1.87 Bone Density
'1,1.1.88 Blood and Urine Creatinine
1.1.1.89 , Hemoglibin and Hematocrit
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Table 5-20 (cont)

- EXPERIMENTS SEIECTED FOR COMPARTMENT L BIOMEDICAL LABORATORY

1.,1.1.91
1.1.1.92
1.,1.,1.93
1.1.1.94

1,1,1.95
1.1.1.96

1.1.2.1
1.1.2.5
1.1.2.7
1.1.2.8

1.1.2.9

1.,1,2.11
1.1.2.12
1.1.2.13
1.1.2.1k

1.1.2.15

1.1.2.16
1.1.2.17
1.1.2.18

S 1.1.2.20

1.1.2.21

112230

1.1.2.24

1‘1-2125“_

1.1.2.28
1.1.2.33
i.1.3.1

LOCKHEED

CALIFORNIA COMPANY

Vibration Detection/Discrimination

Urinalysis

Total Body Water

Calcium Balance Study

Comparison of the Usefulness of the Ballistocardiograph
& the Vibrocardiograph

Evoked Electromyography during Weightlessness
Toxiological Studies of Respiratory Gases in Manned
Spacecraft

Distant Static Depth Perception

Detection of Light Touch

Brightness Detection/Discrimination

Association

Sound Localization

Detection of Heat/Cold

Pain Detection

Olfaction

Texture Discrimination

Detection/Discrimination of Linear & Angular Acceleration
Inductive Reasoning

Detection/Discrimination of Force Against Limb
Arm/Hand/Finger Reaction Time & Speed Control

Leg Control of Force
Near Depth Perception
Tone Audition -

Peripheral Visual/Detection/Discrimination

Arm/Hand/Finger Manipulation

"Speech and Speech Perception

Embryclogy at Zero-g

T0
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Table 5-20 (cont)

EXPERIMENTS SELECTED FOR COMPARTMENT L, BIOMEDICAL LABORATORY

1.1.3.3
1.1.3.5
l.ll307
1.1.3.10

1.1.3.15

1.1.3.16

1.1.3.18

1,1.3.24

h,5,2.1

h,5,1.1
k,5,2.2

LOCKHEED

Micro-Organism Exposure to Space Environment
Plant Physiology
The Independent & Synergistic Effects of Radiation and

Zero-Gravity on Differentiation in the Flour Beetle

Effect of Weightlessness on Dividing Human Cells in
Culture

The Function & Dysfunction of the Gravity-Sensitive
Organ in Zero-G

Effect of the Space Environment on the Feeding, Survival,
and Reproduction of Daphnia Pulex

A Study of Photosynthetic Action Spectra During Exposure
of Algae Cultures to True Space Illumination

Collecting and Sampling of Microorganisms in Near-Earth
Orbits ,

Conditioning Before Re-Entry for Returning Spacecraft
Crews

Quarantine for Returning Spacecraft Crews

Medical Aid for Returning Spacecraft Crews
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Table 5.21

EXPERTHMENTS SELECTED FOR COMPARTMENT 5, CONTROL COMPARTMENT

1.1.2.2
1.1.2.k
1.1.2.3
1.1.2.6
1.1.2.10
1.1.2.19
1.1.2.22
1.1.2.23
1.1.2.25
1.1.2.27
1.1.2.30
1.1.2.29
1.1.2.31
1.1.2.3k%
h,2.2.2
L,2.2.1

1.5.2.2
1.5.2.3

1.5.2.11
2.1.3.1
"2.3.1.6

2.3.1.11

2.5.1.1
2.5.2.1
2.5.2.5

LOCKHEED

CALIFORNIA COMPBANY

Dynamic Depth Perception

Decision Making

Cue Abstraction

Problem Solving

Tone Pattern Discrimination

Visual-Motor Tracking

Visual Resolution of Detail

Tone Audition

Color Detection/Discrimination

Time Perception |

Computation

Complex Pattern Discrimination

Learned Procedure

Perceptual Set

Evaluation of Ground Training Techniques for Space Crews
Feasibility of using Space Station for Training, Training
Simulators & Devices

Study of Atmospheric Effects on Electromagnetiérwave
Propagation

Determination of the Ffequency Distribution of Cosmic

Noise

- Millimeter Wavelength Space Propagation Measurements

Tests of Personnel Restraint Equipment

“Evaluation of Petal Type (Sunflower) Solar Dynamic

System

Solar Thermionic Static Power Generating System
Advanced Gﬁidance System Evaluétion

Development of Space Navigational Aids & Techniques

Navigation Fixes with Simple Instruments

T2

2
-
|
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Table 5-.21 (cont)
EXPERIMENTS SELECTED FOR COMPARTMENT 5, CONTROL COMPARTMENT

2.5.2.3 Comparative Evaluation of Navigation Technigues
2,5.2.h Demonstration of Reliable Autonomous Navigation Capability
2.6,1.2 Free Space Antenna Pattern Determination
2.6.1.4 Re~entry Communications Testing -
2,6.1.9 Magnetic Effects on Communication Systems
2.68.3.1 Nuclear Propulsion Techniques
Table 5.-22

EXPERIMENTS SELECTED FOR COMPARTMENT 6, CREW QUARTERS

2.,1.3.1 Tests of Personnel Restraint Equipment

2.1.3.3 Weightless Condition Feeding Devices

2.1.2.9 Fecal Collection Unit, Functional Tests

2.1.3.2 Feasibility Test of Special Bed for Use Under
Weightless Condition

2.1.2.,10 Tests to Evaluate Food Storage & Preparation undér

: o Zero-g S ST ,
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the extra-vehicular experiments with the hard space suit shown in the
right portion of Section C-C., Section C-C also shows life support and
propulsion back packs in this area, The left portion shows tools,

test equipment, and expandable and inflatable structures,

The stowage of experimental solar panels, satellite and checkout

equipment, and algae cultbure containers is shown in section D-D,

Certain tests performed in this compartment require the use of fuels
- and oxidizers., These are stored in sealed compartments separate from
each other and the cabin atmosphere; they are vented to the external

environment,

This compartment has stowage space for one operational space suit.

5.4.4.2 Biomedical Laboratory

The biomedical laboratory for the Interim Modular Space Station is
shovn on Fig, 5-29. A perspective view of this compartment is shown
on Fig. 5-30. The tests and equipment showvn in this compartment are
for the physical and medical testing of man, and bilological testing

of tissues and certain insects,.

Section A-A of Fig. 5-29 shows the examining chair-table combination
which is equipped to perform ballistocardiograms. Various stowage

areas are shown to the right of the chair. A micro-organism collector

unit is extended out through one of the universal hatches.

Section C-C shows the laboratory analysis area, In this area, analy-
sis of samples is performed and slide preparation and microscopic
examination is accomplished, To the left of this area is a stowed space
sult that is actually on the far wall, Stowage for two space suits is
provided in the compartment, The left portion of this section shows the
experimental film processing area, A folding door around this ares

creates a darkroom.

Section D-D shows the physical examining area, Along with the electronic

test equipment is an sutomated visual test device. To the right of the

LOCKHEED . 9
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FIG. 5-30 BIOMEDICAL LABORATORY -— PERSPECTIVE VIEW
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interconnect tube is s stowed portable X-ray machine and beyond this is
a bicycle ergometer which can be stowed when not in use. A safe for

storage of medical and experimental radioactive materials is located

behind the ergometer,

5.4.4,3 Observatory

The interior arrangement of the observatory is shown on Fig, 5-31.
Being an observatory, a good portion of the sensors must have openings
through the external pressure wall, ‘The equipment 1s mounted against
the wall but is quickly removable in case of necessity for puncture
repair,

View A-A shows infrared and ultraviolet radiometers mounted on a -stable
platform located to view through windows, A camera is located above
for data recording., Electronic consoles fill the next areas along with
a computer and tape deck, To the right of center are the electronic
components that are related to tests performed on the stable platform
at the extreme right. Two film viewer stations are in this area, One
is a direct viewer with a screen and the other is a stereo viewer,

Storage as indicated is below this equipment,

View B-B shows a high-resolution telescope inserted in the universal
hatch, The cabinets to the right house experimental equipment, gyros,

ete. Film supplies and processing equipment are next in line, The

free body test units are stowed in the next cabinets, They are small
satellites that are checked out on the table at the right of the stowed
space suit., Below the table is the stowed laser communications pod.
The external hatch is used for the laser pod and is also used for the
free body test units that are inserted into the hatch and picked up by
the extendable probe, The probe is extended and the test unit is
_released. into.free space, Above the external hatch is a spotting - e
telescope for use as a pointing aid for other optical equipment, The
universal hatch has g twin camera telescope mountéd in it, Directly

above this is an infrared scanner, Film storage cases are mounted
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against the access tube interconnect in the center of the compartment.

A bank of three disk antennas is mounted externally.

5.4, 4 Control Compartment

The control compartment as designed for the Interim Space Station is
shown on Fig. 5-32. Three space sults can be stored in this compartment.
View B-B shows the main control console from which decisions concerning

the on-~board subsystems -are made. Communications are also handled from

~this area. The left side of view B-B shows the psychological testing

area vhich can be closed off from the rest of the station by a
folding door.

The left side of view D-D shows groups of electronic test equipment and
recorders to tabulate results. The right side of this view has the
experimental control console. Among experiments here is a simulated
control console for the training of crew members in station operation.
An-external antenna i1s located in one universal hatch and the other
hatch mounts a solar concentrator for use as an experimental source of

electrical energy.
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5.5 SPACE STATION/APPLICATIONS INTERFACE

The effectiveness of an earth-orbiting laboratory or space station can
be evaluated in terms of its ability to accommodate candiaate
experiments or perform the proposed applications. Section 5.2 has
previously described the individual application requirements; these
requirements as imposed on the laboratories/space stations, subsystems,
.and crew are summarized in the following section, and the capabilities
of the Modular Multipurpose Space Station configurations to support and

perform the applications are described.

5.5.1 Application Requirements

The individusal application descriptions and regquirements for this study
are given in Section 5.2. TFor final integration into the space stations,

the following requirements would be specified.

Orbit Altitude and Inclination. Orbit parameter requirements are the

most exacting for the earth-oriented missions. Photographic missions,
for example, can be enhanced by a lower altitude and higher inclination
for increased resolution and coverage. Long duration missions can better
be achieved at a highér altitude to offset drag and the resultant.
propellant penalties. Earth-to-earth communication applications dictate
the use of a synchronous orbit. The numerous zero-gravity experiments

have no particular orbit requirements.

Stabilization and Pointing. The space viewing applications impose the

most severe requirements in terms of sensor apparatus stability and
peinting accuracy. The severity of this requirement in many cases
dictates the use of separately stabilized platforms and possibly the
tethering of individual experiment packages. The disturbances due to
station mechanical subsystems and crew movements is a subject for further

detalled analysis.

Location and Access. Particular experiments have specific location

requirements by nature of the performance required, e.g., internal or
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external to the station or experimental subsystems in the subsystems

compartment. Others can be located only after detailed station layouts

-gre created to minimize crew movements and to optimize station volume

utilization.

Windows. Special design problems are created when remote sensing of dats
must be accomplished by apparatus located within the station. Optical
and thermal distortions and filtering effects must be constantly
evaluated to insure expefiment performance satisfaction. Two universal
hatches are provided in each compartment; every effort should be made to
locate experiments requiring access to space so that these hatches can be

used.

Shieldin%. Individual equipment may reguire protection from space
environment radiation, thermal radiation and subsystem electromagnetic
interference in addition to the shielding effects of the station structure
and installed equipment.  Shielding of the crew from space environment

radiation effects will be a more significant problem in some orbits.

Test Equipment. The individual experiments require supporting test

equipment which in some instances is duplicative with other experiments.
A further detailed study of the test equipment would result in some

reduction in the experiment weight requirements.

Pre-requisite and Simultanecus Experimentation. The value of particular

experiments is directly related to other experimentation or measurements
being performed. Mapping applications, for example, will be be enhanced

by accurate time and position information and the development testing of

“such equipment should be given precedence. Biomedical experiments are

often inter-related, the data from one experiment contributing to the

value of a subsequent one.

- Power. Electrical power is required for experiment warm-up, standby,

and normal operation. Individual experiment power profiles must be
prepared which can be scheduled for efficient utilizstion of the station

power. Power reguirements will be stated in terms of voltage and
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voltage regulation, frequency regulation (vhere applicable), amperage,
and total energy. Start-up and other load transients and their effects

on other subsystems and experiments must be considered.

Environment. Environmental requirements of the experiments are generally
not severe. A few experiments, employing sensitive sensors, require
special low temperatures or precise temperature control. Atmosphere

composition and pressure are critical principally to the experimenter.

- Data Collection and Handling. The applications must be defined in terms

of information sensed, rate of sensing, and quantity of data to be stored,

processed or transferred by the data management subsystem. Information

to be displayed must be determined and the related monitoring require-

ments assessed to avoid excessive demands being imposed upon the crew.

Experiment Duty Cycle. The maximum utilization of crew time for

experiment performance is a basic mission objective. Accordingly, this

.can be accomplished only if the exact time and action requirements of

each experiment are specified in advance. Complete descriptions of the
steps to be performed in each experiment are required along with the time

increments associated with each. The complexity of achieving optimum

crev time utilization requires computer solutions.

Crew Skills. The value of an experiment in many instances will be

proportional to the skill and technical background of the observer.

Each experiment and application should suggest in its description the
type of observer who would be knowledgeable of the subtletlies of the

phenomena observed.

-5.5.2 Mission Capabilities

Mission capabilities of the Modular Multipurpose Space Station
configurations are given in Table 5-23. The low inclination orbit
missions are Supplemented by"ébécial/miSSibnsf, the pdlar and syhéhfb—r
nous, which give respectively increased global coverage and increased
communication capabilities. Other special mission orbits, such as

translunar, circumlunar and maximum elliptic out of the plane of the
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~ecliptic are distinct possibilties, but are not analyzed in this study.
The payload available for experimental equipment is based on the nominal
mission durations; the variation in payload available with change in
mission duration is illustrated in Section 3.4, Weight Analysis. The
volume available for experiments and appiications is more difficult to
assess. The gross pressurized volume must Ee reduced to account for
necessary living, aisle, and subsystem space requirements. A compartment
devoted entirely to experimentation could be expected to achieve s
maximum of 60 to 65 percent volume utilization. Compartments combining
experimental and operational functions would correspondingly obtain lesser

volume utilization.

The capability of the modular laboratory and space station subsystems to

provide necessary experiment inputs and conditions can be ascertained
from the Subsystem Specifications, Section 4.2. Brief discussions of the
subsystem and crew support of experiments are given in the following

paragraphs.

Environmental Control and Life Support. Environmental Control Subsystem

support of Modular Multipurpose Space Station experiments and applications
normally consists of providing heating, cooling, pressurization, and
contaminant removal. BSpecial sensor-and detector cooling will be provided

by independent cryogenic subsystems that must be considered as part of the

experimental equipment. The extent to which thesé functions can be
accomplished and controlled are stated in Section 4.2.1. Performance of
.. the Envirommental Control Subsystem generally affects the experimenter
more directly than it does the physical experiment apparatus; experiments
e requiring»preéise temperature control for dimension stability.are -an-

exception.

Electrical Power. Electrical power for experiment operation is provided

) inythe form of fegulated and unregulated direct-current power and
alterﬁating-current power to the tolerances given in Section 4.2.3. The
design approach is to distribute this power throughout the stations on a

central bus; experiments requiring additional voltage or more precise
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power characteristics must provide their own conversion or regulation

components. Power available for experiments ranges from 0.4 kw for the

‘One-Compartment Iaboratory to 10 kw for the Operational Modular Space

Station.

Communications, Command and Tracking. The Communications, Command, and

Tracking Subsystem will have the capacity to transmit to the ground the
required quantities of experimental data consistent Qith the coverage
obtainable with the antiéipated ground communications network of receiving
stations. Considerable data compaction must have taken place previously

either manually or in the Data Management Subsystem.

Data Management and Displays. The Data Management and Displays Subsystem

will provide the necessary monitoring, storing and displaying of
experimental data. Because the experimental déta gquantities need to be
further defined, the required subsystem capacity is difficult to predict;
the data handling capacity of the subsystem as currently estimated is

given in Section 3.4.4.

Navigation and Guidance. The Navigation and Guidance Subsystem will

provide station position and time correlation to support earth and space
cbservations. In addition, a local vertical reference will be established
to providé a basis for Stability and Control Subsystem determinations of
station attitude. The accuracies to which these parameters are expected

to be measured are stated in Section 4.2.6.

Stabilization and Control. The Stabilization and Control Subsystem will

_provide station orientation data; the magnitude of station and experiment

pointing accuracies obtainable are given in Section h.2.5. Reduction of
station accelerations will be accomplished in support of those experiments

requiring zero gravity data. Angular drift will be controlled within

~tolerances stated in Section 4.2.5 by use of reaction jets.and momentum

exchange wheels.

" Crew. The crew sizes vary from 3 (One-Compartment Dependent Laboratory)

to 36 (Operational Modular Multipurpose Space Station). The manhours

expected to be available per crew member is a function of the amount of
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station operational duty reguired. An increase’ in station size
generally reduces the individual time requirements for non-experimental
activities. An estimate of experimental manhours available with varying

crev size is shown in Fig. 5-33.

Original study scheduling of experiments (Section 5.4) hypothesized that

three different skills were available from the crew, i.e., 'physician’,

‘physical scientist’', and 'biomedical scientist'. ILater examination of

experiments showed the advisability of having some very specialized
personnel in the physical sciences area, such as astronomers and atmosphere
vphysicists on board the laboratories and space stations. The matching of

crew skills and experiment requirements is a task for future study.

2000
1500
EXPERIMENTAL
MANHOURS
AVAILABLE 1000
PER WEEK .
500
0
0 10 20 30 40

e e o i+ e e CRE\IV S!ZE N B i i

FI.GQ 5-33 EXPERIMENTAL MANHOUR AVAILABILITY
AS A FUNCTION OF STATION CREW SIZE
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Section 6

DEVELOFMENT PLAN °

The development plan for the Modular Multipurpose Space Station

includes schedules with érincipal milestones and program costs in the
NASA-suggested format for each sbace station conflguration. Other
development plamming items, such as manufacturlng, facllitles, and trans-
portation, are generally similar to those covered 1n other NASA studles

and are not repeated in thls conceptual study.

The quantlty requirements of each conflgurastion can be estimated only
after an approved misslon task model is produced and analyzed. As a
result, the schedules and cost estimates are based on the development
of one flight article in each configuration. Wherever possible, maximum
advantage 1s taken of the moduvlar or sequentlal growth; consequently,
the development and test schedules and costs are sharply reduced in the
later configurations. All basic subsystem development and test 1s accom-
 plished for the Two-Compartment Independent Laboratory, and this effort
is reflected in both the schedule and the development costs.

The development schedules are bhased on a nomlnal launch schedule sug-

gested by the Manned Spacecraft Center. These lsunch dates are:

One-Compartment Dependent Laboratory - 1970-71

Two-Compartment Independent Laboratory - 1972-73
Interim Space Station - 197k
Operational Space Station - 1976-80

This launch schedule requlres some schedule overlap between the flight
of each vehlcle and the succeedlng configuration; however, the schedule

overlap 1s never serlous enough to preclude the lncorporation of design

improvements resulting from flight experience.
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6.1 DEVELOPMENT SCHEDULES

The overall development schedule for the Modular Space Station program

and its relationshlp to the Apollo Extension System is shown in Flgure 6-1.
Fach of the four individual vehlcle schedules 1ls then presented in greater
detail, and the subsystems and development articles are described in the

followlng paragraphs.

6.1.1 One-Compartment Dependent Laboratory

The One-Compartment Dependent Iaboratory development schedule, Figure 6-2,

begins with a program definition effort which encompasses the total modu-

lar space station program.

This laboratory 1s dependent primarily on the subsystems in the Apollo
spacecraft, hence, the development effort is confined largely to the

module structure and the extension of the Apollo subsystems to accommo-
date the longer laboratory missions and the extended volume of the

combination.
6.1.1.1 Structure

Structural development effort is extensive on this module since the
structure must be fllght rated for the severest load conditions antici-

'pétéd for the succeedlng éohfigurations. TLoads énalysis énd étructural
testing on this module will therefore include all basic loads for each
confilguration as well as fatlgue, acoustilcs, vibration, shock, and the
varlious materlals tests designed to insure compatibllity with the space
“environment. N ‘ - - I

6.1,1,2 Environment Control and Life Support Subsystem L

Environmental control and life support 1s dependent basically upon the
- equlpment in the Apollo command and service modules; however, this equip-
“ment must be supplemented for module thermal and atmospheric control and
it must be increased in capacity for the 45-day mission. This requlre-
ment for increased environmental control subsystem capacity will be met
by the use of addlitional units of the baslc Apollo subsystemn. Equipmént
repackaging and installation in the Jaboratory compartment wlll be necessary.
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6,l.l.3 Instrumentation and Display Subsysten

The basic Apollo instrumentation and displays will be adequate for all
flight operations; however, an instrumentation and display subsystem must
be provided for experiments, compartment environmental conditions, extra-

vehicular activities and docking, latch-up,and sealing.

6.1.1.4 Data Management Subsystem

The Apollo command module data management provisions will be utilized
essentially without modification. Additional data storage provisions are
gg i dictated by the experimental flight role and the limited communication

time.

6.1.1.5 'Communications, Command and Tracking Subsystem

The command module provides all major communication equipment. There is,
however, some minor effort reguired to provide the intercom between the
laboratory and the command module and the remote control of flight equip-

ment in the command module.

6.1.1.6, Navigation and Guidance Subsystem

The Apollo command and service module navigation and guidance provisions
are generally adequate for the One—~(ompartment Dependent Laboratory

"program; Minor modification and repackagihg will be requiredrto permit
on-board maintenance and repair, and a horizon sensor must be added for

continuous attitude reference for conserving crew operating time.

6.1.1.7 Stabilization and Control Subsystem

The performance of the stabilization and control subsystem in the Apollo
command and service modules is adequate for the One-Compartment Dependent
Laboratory. Some repackaging will be required to facilitate equipment

repair and maintenance on the 45-day missions.

6.1.1.8 Electric Power Subsystem

The Apollo service module provides a portion of the electric power Tor the

One~Compartment fcpendent Laboratory with the remainder being suppiied by
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Apollo fuel cells mounted on the module. Farly action is required to
ensure that fuel cells are available in time for the system test. Approx-
imately 12 months are required for delivery of a fuel cell after its

specification is released and procurement is initiated.

6.1.1.9 Propulsion Subsystem

The propulsion subsystem in the Apollo service module is adequate for
orbit injection and attitude control of the One-Compartment Laboratory.
Additional propellant and pressurant gas tankage will be necessary and a
thorough reliability analysis substantiated by test data will be needed

to establish redundancy, spares, and maintainability requirements.

6.1.1.10 Crew Subsystems

Basic living quarters are provided by the command module but some modifi-
cation will be required to ensure that all equipment is sized to accommo-

date three men for a maximum period of 45 days without resupply;

6.1.1.11 Proof Articles

Proof articles are provided for engineering development, static test,
dynamic test, complete Environmental Control Subsystem checkout, sub-
system integration, transportation and handling equipment tests, and
‘wiraiﬁiﬁg;”'A series of wooden mockups‘will be utilized for subsystem

integration and system development.

One complete wooden mock-up of the interior and exterior of the laboratory
will be used as an engineering development tool. This mockup will contain
crew stations, work and rest areas, displays and controls, airlocks,

windows, and experimental and support equipment. It will also be used to

demonstrate installation and maintenance capability.

A second wooden mockup of the interior of the laboratory will be used to
" develop the man-systém interface involving such areas as work station”
layout, locomotion devices, panel design and lighting. A full scale

wooden mockup will also be provided with metal hardpoints for docking
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procedure demonstration. Included will be the Apollo nose structure,
docking ports, and mechanism latches:. In addition, fluid and electrical
umbilical connections will be provided for Apollo laboratory compatibility

demonstrations.

6.1.2  Two-Compartment Independent ILaboratory

7 The Two-Compartment Independent Iaboratory development schedule,
Fig. 6-3, requires prompt action in many areas upon receipt of contract
go-ahead, in order to provide the independent subsystem operation required
of the laboratory for a three- to six-man crew over a L5-day to one-year
mission duration. For example, assuming contract go ahead in January
1970, and prompt initiation of the Eavironment Control and Life Support
Subsystem development, it is expected that the component de%elopmént can
be accomplished by October 1971. The proof test of the complete subsystem
will be conducted on a flight module laboratory in a vacuum chamber with
actual or simulated thermal, atmosphere, contaminant, and metabolic loads.
This test will be accomplished in October 1972 and this will permit equip-
ment installation in the first flight vehicle for delivery in April 1973.

6.1.2.1 Structure

As a result of the intensive broad scale structural design effort on the
One-Compartment Laboratofy médulé,’oﬁly relatively minor tasks remain on
the Independent Laboratory. Joining provisions for the two modules and
structural accomodations for new environmental control line and duct

routing are examples of work to be done on this laboratory.

6.1.2.2 Environmental Control and Life Support Subsystem

“The environmental control and life support-subsystem must be augmented by
water recovery from urine,'a regenerable carbon dioxide removal system,

and two~gas atmosphere control and storage eguipment.

6.1.2.3 Instrumentation and Display Subsystem
" .
The instrumentation and display subsystem will require some amplifica-

tion for independent operation of the Two-Compartment Iaborstory and
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for experiments. For example, electrical power generation and consump-
tion, orbit altitude maintenance and environmental status such as gas
consumption and generation, temperature and humidity must all be readily

monitored for any necessary correction.

6.1.2.4 Data Management Subsystenm

The Data Management Subsystem is an application of Apollo hardware with
increased data storage and handling capacity, obtained by utilization of

two Apollo data management systems.

6.1.2.5 Communication, Command, and Tracking Subsystem

The Communications, Command, and Tracking Subsystem will be primarily an

application of an additional set of the Apollo subsystem.

6.1.2.6 Navigation and Guidance Subsystem

The Navigation and Guidance Subsystem reguires development effort to
produce a long-life inertial platform and long-life integrating gyros.
The long-life microminiature computer and star tracker are new but
available elements in this system. This subsystem development is under-
taken at this time Yo ensure the required reliability for the Interim

Space Station configuration.

6.1.2.7 Stabilization and Control Subsystem

In the Stability and Control Subsystem, a gas-bearing differential gyro,
a control moment gyro, and associated electronics must be integrated to
provide the required reliability and accuracy for this mission and the
longer duration missions to be accbmplished with the next spacecraft |

generation.

6.1.2.8 Electric Power Subsystem

The electric power supply is primarily provided by solar arrays and a

Bééiéﬁéik@ sbléf‘ﬁhbfoV6ltéic pbWef ﬁbduié’mﬁs%rbe devéiopéd; Méﬁor
problems are the production of an adéquate guantity of solar cells and
the development of light-weight, long-life batteries such as the

recommended silver-cadmium cells.
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6.1.2.9 Propulsion Subsystem

The propulsion subsystem available in the Apollo service module is suf-
ficient for the orbit injection and attitude control required by the Two
Compartment Independent ILaboratory. Some augmentation of the propellant
and pressurant gas storage equipment will be required for the longer

duration missions.

6.1.2.10 Crew Subsystems

The Apollo crew subsystem designs will be utilized but will be
sized to accommodate six men without depending on any of the command
module facilities. Radiation shielding will also be provided because

of solar flare possibilities during the one-year nission.

'6.1.3 Intérim Modular Multipurpose Space Station

The Interim Space Station development schedule, Fig. 6-4, requires
prompt parallel development effort in several areas upon receipt of con-
tract go-ahead to avoid unnecessary flight delay. For example, rapid
data transmission is essential to this laboratory for two reasons,
First, with the much larger laboratory and staff, many more experiments

A with correspondingly increased data will be completed per unit of time.

" Second, after the initial lsunch and satisfactory operation is establish--
ed, it can be expected that only stations in the North American continent
will be used to receive data from the laboratory for the balance of the
five year mission. This condition will reduce the opportunities to
transmit data from seven transmissions to three per orbit. Assuming a
contract go-shead of June 1972,the communications development effort is
expected to result in prbven rapid data transmission by August 197h.

System integration will be complete March 1975 in time for installation

in the flight vehicleifpr fiféﬁﬂé?}iYﬁﬁyi§B§§“}975-

6.1.3.1 Structure

As was the case with the Two-Compartment Independent Module, the inten-
sive broad scale structural design effort expended on the One-Compart-

ment Module has minimized the structural task on this vehicle.
° 10l
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Attachment provisions, separable adapter skirt to the Saturn IVB stage
and separation provisions for the propulsion system, after orbit cir-

cularization, are representative structural tasks to be accomplished.

6.1.3.2 Environmental Control and Life Support Subsystem

The Envirommental Control and Life Support Subsystem is supplemented by

-oxygen regeneration equipment.

6.1.3.3 Instrumentation and Display Subsystem

Instrumentation and Display Subsystem changes involve the addition of
modular display and control units and a new control compartment to
accommodate the expanded operations and functions of the larger

laboratory.

6.1.3.4 Data Management Subsystem

The Data Management Subsystem is amplified by on-board data processing
capability, increased data handling capability, incressed data handling

rates,; and a reduced ratio of data input to data transmitted.

6.1.3.5 Communication, Command and Tracking Subsystem

The Communications Subsystem includes a Complete intra-~laboratory audio
and visual system in addition to the development of a new rapid data
transmission capability for the laboratory. Parallel development is
required on the ground equipment to accomplish error-free reception of
this rapid data transmission. Multiple antenna phase control equipment
would be incorporated in this station to flight-rate the equipment for

later use on the large rotating space station where its use is essential.

6.1.3.6 Navigation and Guidance Development

- The Navigation and (uidance Subsystem is modified by thé replacement of
the Apollo integrating accelerometer with a new long life integrating

accelerometer vhich requires some development at this time.

6.1.3.7 Stabilization and Control Subsystem

The Stabilization and Control sSubsystem requires the redesign of its
microelectronics and the installation of a large control-moment gyrd in
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order to attain the attitude holding accuracy that 1ls necessary for
satisfactory experimentstion during this five-year mission. The large
gyro has the additional advantage of appreciable reaction control fuel
savings by maintaining attitude control in spite of the many internal
and external deviating forces such as crew movement, equipment opera-
tion and repositioning, gravity gradient forces, and aerodynamic

moments.

6.1.32.8 Electric Power Subsystem

The Electric Power Subsystem is an extension of the 5-kw module pre-
viously developed for the Two-Compertment Independent laboratory. Two

power modules are required.

6.1.3.9 Propulsion Subsystem

A new orbit injection Propulsion Subsystem is required for this sta-
tion configuration. The development of 200-pound thrust engines at
this time will ensure fully flight-rated attitude control engines for
the rotating mode of the Operational Modular Space Station. Similarly,
the development of the new 65-pound thrust attitude control engines for
this Interim Station will provide attitude control engines for the non-

rotating mode of the Operational Station.

6.1.3.10 Crew Subsystems

Crew systems in general require some expansion to provide for the nine
man crew. Radiation shielding is increased because of the possibility
of greater exposure as a result of the longer flight period and a

larger crev.

6.1.4 Operational Modular Multipﬁrpose Space Station

The Operational Space Station development schedule, Fig. 6—5, again indi-

e R e CBLES-the necessity for -prompt- parallel . development.in several areas upon

receipt of contract go-shead in order to provide the esrliest practicable
avialibility of this laboratory. The space station will accomodate up
to & 36-man crew on & 5- to 10-year mission vhen resupplied on a

3-month cycle.
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6.1.4.1 Structure

"Although the modular construction is utilized in the radisl modules and
the universal docking ports readily accommodate the new access tubes, the
addition of the hub and the external load-carrying shroud will regquire

additional structural development since they are both new designs.

€.1.4%.2 Environmental Control and Life Support Subsystem

The Environmental Controi and Life Support Subsystem is supplemented by
fecal water reclamation for oxygen makeup. Four of the subsystems devel-
oped for the Interim Station are used in this spacecraft, i.e., one sub-
system for each radial module and one in the hub. Provisions are made
for the hub hangar pump-down prior to logistic spacecraft acceptance or

release in order to conserve the atmosphere supply.

6.1.4.3 Instrumentation and Display

Instrumentation and display areas are materially increased in order to
provide the necessary intelligence for control of the space station and
to monitor flight and énvironment conditions for the much larger number
of experiments in process. The subsystem is composed of the same modu-
1ar units used in the Interim Space Station. In addition to the primary
control compartment, there will be a backup control compartment using,

for the most rart, eguipment identical to the primary control compartment.

6.1.4.4 Data Management Subsystem

The principal development effort in the Data Management Subsystem involves
‘vdéta compreséion, time~sharing subunits and increased data handling cap-
~_ability. The three. Interim Station Data Management Subsystems, one in
each radial arm of the station, are supplemented by a switching apparatus

for time sharing capability.

TT6.1.40 5 Communication, GCommand and Tracking Subsystem

The Communications Subsystem requires the addition of a phase control for
the antenna output. This phase control is accomplishedvby the iﬁcorpora~

tion of feed-back control applied to each antenna transmitting system.
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Development of this feature will have been accomplished on the Interim
Station. A complete audio-visuasl closed circuit TV, also developed for
the Interim Station, is provided throughout the laboratory hub and radial

arms.

6.1.4.6 Navigation and Guidance Subsystem

The Navigation and Guidance Subsystem is basically the same as that used
on the Interim Station except for the replacement of the micromin com-
puter by a centralized computer. Some modifications are required in the

system to accommodate the rotation of the space station.

6.1.4.7 Stabilization and Control Subsystem

The Stabilization and Control Subsystem developed for the Interim Station
is largely applicable to this much larger spacecraft. It will be sup-
plemented by a water balance system to achieve dynamic and static balance
control. The contrcl moment gyro is redesigned for this application, and
the attitude control electronics are redesigned to accommodate both zero-g
and rotating conditions. The spin and de-spin system is added, and the

sun sensors are added for full time rotational solar orientation.

6.1.4.8 Electric Power Subsystem

The Electric Power Subsystem consists of solar arrays and rechargeable
batteries supplemented by the Apollo fuel cell power modules reqguired

for station start-up. The six five-kilowatt solar power modules used on
this station are identical with those used on the Interim Station. No
new development is required other than the integration of the six five-
kilowatt modules and fuel cells into a 30-kw system. The major delay in
this program is the production and actual fabrication of the number of 7
solar cells required for the six 1360-square -foot arrays to be employed

on this station.

6.1.4.9 Propulsion Subsystem

The PTopulsibn Subsysﬁem uses the LEM descent engihe for orbit injection.

The Interim Space Station attitude control engines are mounted on the
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Operational Station hub for zero-g attitude control. The Interim Sta-
tion orbit injection engines are repackaged in clusters and mounted on
the outer end of the radial modules to provide rotating attitude control
propulsion. Unless experiment requirements impose more severe require-
ments on the propulsion subsystem, the only development necessary will
be the application of these developed propulsion units to the Operational

‘ Space Station.

6.1.4.10 Crew Subsystems

The crew subsystems are materially increased in capacity to accommodate
36 men. The capacity is increased by the use of three of the modular
crew compartment installations from the Interim Space Station and one of
the modular compartments modified to fit into the zero-gravity séction

of the central hub.
6.2 COST ANALYSIS

This section presents the methods and results obtained from the develop-

ment of program costs for the Modular Space Station concept. This is

accomplished by indicating the data sources, defining the subsystens,

and describing the costs of DT & E, manufacturing, operation and
program management. A cost analysis summary is presented in paragraph
6.2.6, along with the costs of an alternate design approach. A
section on underestimating factors is included to indicate the magni-

tude of some of the cost estimating errors that have occurred in past

programs. The costs are presented for planning purposes only and do
not reflect or imply direct quotes on the part of the contractor or

any of the subcontractors.

The space systems analyzed for cost purposes are the One-Compartment

Dependent Iaboratory, the Two-Compartment Independent laboratory,
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The basic assumptions for these systems are:

e The development and operation of the various space stations is a
continuous effort and each succeeding space station is dependent
upon the development and operation-of the preceding one.

There is only one operational station for each configuration.
There are no vehicles allocated for unmanned flight test.

All costs are in current 1965 dollars.

e @ o @

Costs are only those associated with the space stations and do
not include logistic spacecraft or their associated costs. The
exceptions are those stations launched with the Apollo command
snd service modules, which necessarily include the Apollo as the
logistic vehicle.

6.2.1 Cost Data Sources

The sources of cost information for this study are: vendors and possible
Vsubcontractors, published historical costs, NASA data, in-house
experience data, and other related sources. The data from vendors and
possible subcontractors were obtained by perscnal visits. The informa-
tion received has been used with vtmost discretion and is presented with
no reference to source because of requests by the vendors to treat it in

-this manner.

The cost information received was expanded to reflect the total system
xmrapproach rather than isolated parts. In other words, the subsystems
| costs also include the prime contractor contribution to the subsystemv
- level development and the related costs, such as total system tests and

documentation.

6.2.2 Subsystem Definition

Definitions of the subsystems used for costing purposes aré listed below:

® Structure and mechanical - all items associated with the space-
frame and the installation of on-board systems.

W'éir'ﬁavigétibh'éﬁdwgﬁidahbe - the inéffiélﬁ?latform,wsensbfg‘aﬂdrr'
computer.
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e Attitude control (including stabilization - sensors, rate gyros,
mechanical devices (actuators), inertia wheels, static balance
devices, and thrusters.

e Crew systems - devices which provide for the comfort and safety
of the crew, excluding expendable food and supplies.

<] Envirommental control - the atmosphere, water, waste management
and thermal control systems.

e Data management - all the eguipment necessary to receive, process,
and store data. '

¢ Displays - visual aids necessary to convey information to the
. crev and controls such as knobs, toggle switches, etc.

& Communications - all radio, antenna, and smplofying equipment.

@ Electrical power - the primary electrical generating equipment
) (solar cells, etc.) and secondary power generating equipment
: (batteries); also the distribution and conditioning equipment.

] Propulsion - all engines, plumbing, valves, and tankage except
that portion included in attitude control.
Normally, the laboratory experimental equipment would be included as a

subsystem, but for this study it is not because the final mission task

model has not yet been defined. When the mission task model is sel-

~ ected, realistic costs can be included.

6.2.3 DT & E and Manufacturing Costs

~The functional cost categories at the subsystem level are:

e DI & E - includes all the labor and materials required to develop
the subsystem up to the operational level. This element is sub-
divided into design and development, tests, and test hardware.

e Fabrication - inciudes all the labor and materials required for
- producing the operational station. ' B

B The cost units which are end item oriented but more functional in nature

are:

e Design studies and system analysis - this category is analogous
to system engineering and includes costs of vehicle oriented

S . —engineering. and-studies performed by contractors. .. ..

@ Ihtegrated systems test -~ includes the tést labor cost at the
vehicle level. ’ ‘ .
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e Tooling - includes the costs of jigs and fixtures necessary to
support the hardware manufacture at the vehicle level.

@ GSE - includes the costs of the ground support equipment nec-
essary for the test and operation of the vehicle equipment, but
excludes special test equipment which is included at the sub-
system level,

The cost units which are treated as direct functions of the vehicles are:

e Quality Control - this item is included at the subsystem level
“but is included as a non-add item at the end item level for
analysis purposes.

e Spares - included as a direct function of the manufacturing
effort. This category includes all the spare parts and equip-
ment required to support the space station.

A cost breakdown of each of the stations, by subsystem and functional
cost category for DI' & E and fabrication, are shown in Tables 6-1
through 6-L.

6.2.4 Operational Costs

The operational costs include all the costs that are necessary to launch,
operate, and maintain the system over a specified period of time, ex-

cluding the space vehicle manufacturing costs. The time periods for this

study are:
One-Compartment Dependent ILaboratory = U5 days
Two-Compartment -Tndependent ILaboratory = - 1 year
Interim Space Station = 5 years
Operational Space Station = 10 years

6.2.4.1 Apollo and Adapter Costs

The Apollo and adapter includes the command and service modules with the
adapter. The cost of these items was derived from published historical
data. -A percent factor is included for prime contractor contribution to

the modification and adaptation to the space'station application. The

-—Apollo-costs are associated with the One.-Compartment and Two-Compartment-

Laboratories. The total Apollo cost for each program is $25.4 million.
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. TABLE 6-1
L ONE~COMPARTMENT DEPENDENT LABORATORY ~ COST BREAKDOWN

(Millions of Dollars)

SUBSYSTEM IEVEL

Structufe & Mech. Systems
Navigation & Guidance
Attitude Control
Crew Systems ‘
Environmental Control
Displays
Communications
Electrical Power
Propulsion
Data Manégement

Total Subsystem
SPACE STATION LEVEL

Design Studies & System
Analysis

Integrated Systems Test

Tooling

GSE

APOLIO and ADAPTER
QUALITY CONTROL

 SPARES

.Station Subtotal

Design and Test Total
Tests Development Hardware DI&E
2.70 24,25 25.92 52.87
%.98 497 16. 80 26.75
* ¥ % *
0.60 5.45 0.70 6.75
1.1k 12.25 2.34 15.73
2.00 3.00 1.46 6.46
0.80 5.15 0.35 6.30
> E * *
0.25 2.27 0.08 2.60
12.h47 57. 34 h7.65 117.46
12.90 12.90
13.80 13.80
(2.00) (2.00)
46.00 L6.00
12.4h7 130.0L L7.65 190. 16

Fabrication Total
L.32 57-19
L.os 31.70

¥ *
0.1k 6.89
0.39 16.12
0.2k £5.70
0.07 6.37

% *

_0.02 2.62
10.13 127.59
12.90

13.80

(2.00)

L6.00

25.40 25.40
(3-38) (3.38)
l.22 1.22
36.75 226.91

*Included in the Apollo
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OPERATIONAL MODULAR MULTIFURPOSE SPACE STATION — COST BREAKDOWN

o
({fag (Millions of Dollars)
AER
68% | Design and Test Total
ggg ? Tests | Development Hardware DT&E Fabrication Total:
SUBSYSTEM LEVEL |
Structure & Mech. Systems ' 9.35" 8L.15 123.50 217.00 76.32 293.32
Navigation & Guidance 7.00 | 3.54 3. 30 13.84 3.09 16.93
Attitude Control 2.77 ok. 95 17.80 45.52 - 3.57 L9.09
rew Syétems ‘ 1.20° 10.80 1.71 13.71 1.34 15.05
Environﬁental Control ~  33.72 16.86 16.30 66.88 6.80 73.68
Displays o 2.00 3.00 3.01 8.01 1.03 9.0k
cOmmuniéations ' ©15.70 1.68 11.20 28.58 - 7.48 36.06
Electrical Power 2.93 2.00 - L48.78 53.71 ol. 39 78.10
Propulsion 0.1k 1.31 2.85 L. 30 3.03 7.33
! Data Mahagement 2.00 3.00 L. ok 9.2L 0.ul 9.68
> Total Subsystem 76.81  151.29 232.69 460.79 127.49 588,28
SPACE STATTON IEVEL
Design‘?Studies & System ‘
Analysis ‘ 51.00 , 51.00 51.00
Integrated Systems- Test ; 75.00 75.00 75.00
Tooling ‘ (8.22) (8.22) ‘ (8.22)
GSE ? ‘ | 92.00 92.00 92.00
QUALITY CONTROL : f (11.34)  (11.34) .
SPARES | - 15.30 15.30 L
Station Subtotal 76.81 = 369.29 £32.69 678.79 142.79 821.58 S g
» o ON
|
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6.2.k,2 Facilities

The facility costs included in this repori are those costs stemming from

manufacturing, testing, assembly, and lsunch pad modification.

For generation of the cost for new manufacturing facilities; the follow-

ing relationship spplies:

CT = Total Manufacturing Facilities = SQI' x PFCF x CCI
SQF = Total number of sguare feet required = QMS,OOO
PFCF = Cost Factor = U3.2 (average)
CCI = Cost Construction Index = 1

CT = 245,000 x 43.2 x 1 = $10.6 million

Test facility costs include environmental testing, static firing, solar
simulator, and miscellaneous testing. Also included as test facility
costs are the costs for assembly, disassembly and checkout of the space

station unit being tested.

It is assumed that the facilities at Complex 39 will be operable and
available for use on this project. Modifications to the arming and
umbilical tower are included. If operationsl schedules do not permit the
use of the Vertical Assembly Building, a new facility will be required
for assembling and mating the space station to the launch vehicle énd

for other associated functions.

These new facility costs for the Kennedy Space Center, which are esti-
mated at $15.0 million, excluding land value and site development, are

not included in the cost of this program.

It is assumed that the environmental test facility at the Manned Space-
craft Center will be available for testing purposes. Assembly and train-
ing facilities costs at MSC are not included since the requirements are
not defined at this time. It can be assumed safely that the new facili-
ties will be similar to those required at the Kennedy Space Center, in

the cost range of $10.0 million to $15.0 million.
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Down-range facilities, the GOSS network, and test and checkout facilitics
at the Kennedy Space Center are assumed to be available.
All facility costs are included in the Interim Space Station costs ex-

cept for the solar simulator facilities required for the testing of the

solar panels for the Two-Compartment configuration. (See Table 6-5.)

TABLE 6-5 TFACILITIES COSTS
(Millions of Dollars)

One-Compartment Two—Compartment‘Interim Space Operational Space

Facilities Iaboratory ILaboratory Station Station
Manufacturing 10.60
Test 10.00 0 13.80
Assembly 2.00
Launch Pad
Modification 3.00
Maintenance 7.10
Total
Facilities 0 10.00 36.50 0

6.2.h.3 Launch Vehicles

The launch vehicle for the one-, two-, and six-compartment. stations in low
" earth orbits is the Saturn IB configuration. The launch vehicle proposed

for the Operational Space Station is the two-stage, earth orbit configu-

ration of the Saturn V. The latter configuration consists of the S5-IC

and S-11 stages wifh a repackaged instrumentation unit. The sources of

all costs associated with the launch vehicles are current NASA documents.

The cost of the Saturn 1B is $34 million and the cost of the Saturn V

is $100 million. These costs include launch services.

6.2.4.k Operations

e — g —— A gtronaut training T T T

& Pay and allowances
e Space station maintenance
e Miscellaneous

The Miscellaneous category includes propellants, stocks, and space
station fransportation.
. 120
LOCKHEED

CALIFORTA COMRPANY

=t




IR 18906
Section 6

The costs for the above categories, with the exception of estronaut
training, are generated with gross estimating procedures. Astronaut
training costs are estimated by assuming & nominal training progrem and
a minimum number of trained astronauts. ~ The sssumptions for the nominal

program are:

e  One year maximum time in orbit per man

e Twenty-five percent of the total required personnel are trained
as astronauts with a cost factor of 100 percent. These costs
are attributed to the logistic system and not to the space
station.

@ Twenty-five percent of the total required personnel are trained
. as engineers and assistant astronauts with a cost factor of
25 percent, attributable to the space station.

e Fifty percent of the total required personnel are trained as
engineers and scientists with training on engineering equipment
and specialized equipment maintenance with a cost factor of
10 percent, attributable to the space station.

e Two years intensive training period. The trainees enter the
force at a uniform rate over the total modular program life.

With the above assumptions the following procedure has been developed:

One Two Interim Operational
Comprt Compt Station Station
A Crev sSize 3 6 9 2h
B. Years of Operation 1/8 1 5 10
C. Subtotal (A x B) 3 6 L5 240
D. 25% Backup (0.25 x C) 1 2 11 60
E. Total to be trained
(C + D) L 8 56 300
F. Logistics System 1 2 1L 75
- (0.25 x E) R : : :
G. Engineers & Asst. .
Astronauts (0.25 x E) 1 2 1k 75
. He _FEngineers. & Scientists .. ... e
(0.50 x E) 2 L 28 150
121
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The total cost per man, by classification; associated with the space
station is represented by: (cost factor for training per year) x (per-
centage factor) x (number of years required per man) .
& Engineers and assistant astrcnauts
($1.0 x 10%) x (0.25) x (2)
e Engineers and scientists

($1.0 x 106) x (0.10) x (2)

$0.5 million per man

i

$0.2 million per man

i

The total astronaut training costs are shown in Table 6-6 along with the
remaining operations costs.
TABLE 6-6

OPERATIONS COST SUMMARY
(Millions of Dollars)

One Two Interim Operational

Compt Compt Station Station
Astronaut Training 0.90 1.80 12.60 67.50
Pay and Allowances 0.90 3.40 16. 80 33.00
Space Station Maintenance 0.22 2,60 25.65 127.49
Miscellaneous ~0.80 . 1.60 _3.h0 _6.70
OPS Total 2.82 9.40 58,45 234.69

6.2.5 Program Management

The program management.cost category includes only the overall program

level; costs for program supervision at the subsystem level are included

in the individual subsystem costs. This method has the advantage of in-
dicating areas of cost sensitivity at a lower level and does not mis-
‘represent. any of the total subsystem costs. It also gives a more sccurste
picture of the functional cost cétegories, such as program management, by

not having a high aggregate cost with 1little meaning.

The NASA program management cost category should be treated in the same

manner as the above. Costs have not been included for this cost category
because much of the cost impact is a direct function of the NASA policy
and the related decision making.

1e2
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The costs (in millions of dollars) for the program management element are:

One~Compartment 15.80
Two-Compartment 3,27
Interim Station ’ 36.40

Operational Station 63.50

6.2.6 Cost Analysis Summary

The modular approach is a continuous effort and none of the space sta-
tions should be taken out of context. A complete revision of the cost
analysis is necessary if one of fhe individual stations is selected as s
final objective, since each of the stations is dependent upon the devel-
opment of the previous one. The total program cost (surmarized in

k Table 6-7) based on the modular approach is $2.923 billion. The funding
schedﬁle that is associated with the space stations is shown in

Figure 6-6.

6.2.7 Station Cost Comparisons

The modular program costed above consists of a sequential development
from the One-Compartment Dependent laboratory to the Operational Multi-
purpose Space Station, with maximum advantage being taken of prior
~~developments at each point in the program.  An alternative approach
would be to develop each of the programs independently without taking
advantage of the growth capability which is inherent in the modular

approach.

In order to present costs for an alternative spproach for comparative
purposes, the costs in Table 6-8 were generated. The MORL-type station
is comparable to the Interim Modular stetion and the LORL-type station
is comparable to the Operational Modular space station. For the com-

~ _parison, it was assumed that the One- and Two-Compartment Iaboratories

would not have different costs, but the Interim and Operational stations

would be incremental. Total program costs are shown in Table 6-9 for

LOOCHHEED
CALIFORNIA COMPANY
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TABLE 6-7
MODULAR MULTIPURPOSE SPACE STATION COST SUMMARY

(Millions of Dollars)

DI&E

Subsystem Level
Design & Development
Tests |

Test Hardware

Space S tation Level

Design Studies & System Analysis .

Integrated Systems Test
Tooling
GSE

Total DT&E

MANUFACTURING

Fabrication
Quality Control
Spares
' Total MANUFACTURING

OPERATIONAL |
APOLIO and ADAPTER
Facilities
Launch Vehicle & Launch Services
Operations
- Total OPERATIONAL

PROGRAM MANAGEMENT

NASA
., Contractor
' Total Program Cost .

*To be determined by the NASA

One-Com-
partment

57-34
12.47
b7.65

12.90
13.80
(2.00)
L46.00

190.16

10.13

(3.38)
1.22

11.35

25.40

34,00
2.8
65.22

15.80
279-53

Numbers in parentheses are non-add items.

Two~-Com-

Interim Operational
partment Station Station
251.52 95.05 151.29
61.13 65.91 76.81
111.30 148.19 232.69
13.40 19.70 £1.00
35.40 47.50 75.00
(2.58) (5.11) (8.22
120.00 90.00 92.00
592.775 E55~35‘ 678.79
23.13 45.80 127.49
(10.22) (8.73) (11.34)
2.88 5.50 _15.30
26.01 51.30 2,79

25.40 0 0
10.00 36.50 _—
34.00 3k.00 100.00

9.40 58.45 234.69
78.80 128.95 33469

S * *
L3.07 36.40 63.50
740. 83 $83.00 1,219.77
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TABLE 6-Q

PROGRAM COST TRENDS .
INDEPENDENT DEVELOPMENT VS MODULAR CONCEPT
(Millions of Dollars)

GRBHMDO0TT

ANVIHOD VINNOAITYD

ok

L2t

Potential Potential
Cumulative Cumulative
Independent Dollar %
Laboratory Developme Modular Savings Savings
One Compértment Dependent Laboratory 280 280 0] 0
Two Compartment Independent Laboratory 740 740 0 0
Interim Space Station 1,500 680 820 32.6
Operational Space Station 2,700 1,220 2,300 hh.p

Notes:

® _Includes all DT&E and production costs up to launch.

@ All space station programs were calculated using a uniform costing method.

@ The One Compartment and Two Compartment Laboratories necessarily include the

Apollo logistic system; other concepts do not include logistics.
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both the sequential and the independent approaches. The results of the
comparison show that with the selection of the modular approach it is

possible to obtain a pofential cumulative savings of about 40O percent.

6.2.8 Uynder-estimating Factors

Studies such as the one conducted by the Harvard Business School* indi-
~cate that schedules and costs based on historical data may be under-
estimated by a factof of 3.2. If it is assumed that the program cost
cbtained in this study is under-estimated by factors ranging from 2.0

. to 3.2, the total modular program cost could vary as shown in Fig. 6-7.

§
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UNDER-ESTIMATING FACTOR

FIG, 6-7 POSSIBLE VARIATION IN PROGRAM COST

Investigation indicates costs could increase because:

e An optimistic subsystem development time has been assumed.

e A flight test program is required.

e The advances or application of technology are not as expected.

e The Apollo program is not operable at the estimated time periodé.
@ There are delays in funding for the modular program.

There are, of course, many more areas of cost sensitivity but the. above.

“appear to be most important.

¥Peck, Merton J. and Sherer, Frederic M.; "The Weapons System Acquisition
Process: An Economic Analysis."
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